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KNIGHT   BROTHERS, 

406  F  Street,  near  Seventh,  Washington.  D.  C. 

AGENTS  FOR  TRANSACTING  ALL  BUSINESS  IN  THE  U.S.  PATENT  OFFICE 
AND  PROCURING  EUROPEAN  PATENTS. 


OcTAVius  Knight,  having  resigned  the  position  held  by  him  from  1860  to 
1867  as  Superintendent  of  the  Washington  office  of  Munn  &  Go's  Scientific 
American  Patent  Agency,  offers  his  personal  services  to  all  who  intend  to  apply 
for  Letters  Patent,  or  who  have  rejected  applications  or  other  business  before 
the  Patent-Offi|!e. 

Ilis  ability  to  act  with  despatch  and  success  is  evinced  by  his  having  con- 
ducted a  large  proportion  of  all  applications  for  Patents  granted  in  the  above 
years. 

Special  attention  given  to  the  prosecution  of  Rejected  or  Interferinq  appli- 
cations, Reissuing  Defective  Patents,  Extension  of  Patents  and  securing 
patents  in  all  the  important  countries  of  Europe. 

Having  complete  and  efficient  arrangements  for  securing  Patents  in 
all  the  important  countries  of  Europe,  we  are  enabled  to  prosecute  this 
branch  of  the  business  in  a  superior  manner,  and  on  advantageous  terms. 


JiEFERENCES  (By  JPertnUaiotiO 


Hon.  S.  P.  Chase,  Chief  Justice  of  the  U.  8.  Prof.  Jos.  IIenbt,  Secretary  Smilb'n  Institit'u. 

Hun.  U.  Btanberbt,  Attorney  Qenoral  U.  S.  Horatio  Allen.  E«q.,  Novelty  Iron  Works,  N.  Y. 

Ilnn.  B  F.  Wade  United  States  Senate.  F.  S.  Pe.\SE,  Kmj.,  Buffalo,  N.  Y. 

Hon.  S.  C.  PoMKROT,  United  States  Senate.  Oso.  I.  Wasiibctriv,  Esq.,  Worcester,  Mass. 

Uon.  J.  U.  B.  Latsobe,  Baltimore,  Maryland.  James  B.  Eads,  Esq.,  St.  Louis,  Ulssouri. 

Address:  KNIGMT  BROTHBRS,  Tirashliifftoia,  D.  C. 


/ 


Digitized  by  VjOOQ IC 


HUNTOON  GOVERNOR. 

By  its  use  we  Guarantee 

Unvaryino  Sp££d,  Increased  Power,  or  DIrect 

Saving  in  Fuel. 
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Xlus  Governor  is  now  ia  use  on  hundreds  of  En^es,  and 
tht  principle  of  its  construction  is  such  that  we  can  warrant 
them  successful  operation,  even  where  the  best  adjusted  BALL 
GOVERNORS  may  have  foiled. 

In  assdtulg'  the  above  we  are  upheld  by  the  best  mechan- 
ical talent  in  the  country. 

R.  K.  Huntoon,  J  -  ^ 

J.  Augustus  Lynch,      ^  Proprietors.  '  j 

and  others,   3 

103  State  Street,  Boston. 


Rifirtncis  fumUhei  fr9m  Parties  in  every  line  of  manufacturing  Imnnas^ 
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Miller  &  Allen, 

MACHINISTS  AND  BOILER  MAKERS, 

eHCSTCR,  KNM. 

MANUFACTURERS  OF 

CORLISS'  STEAM  ENGINES 

AIM, 

Marine,  River  and  Stationary  Steam  Engines, 

AND  MACHINERY  GENERALLY. 

MWIBMUXMi. ALOREO  ALUOT. 

Lovo  Spax  Railway  Bbtdozs,  Ibok  Roofs,  Firs  Pboov  BuiLDnras,  And 
other  important  Engineering  or  Architectural  Works  designed,  and  their  erection 
superintended. 

Office:  426  Walnut  Street,  Philadelphia. 


TSB  ElTSTOni  BSUBttB  OOUTAHTt 

Office  and  Works,  gth  Ward,  Pitldburg. 

J.  H.  LINVILLE,  Pres.  426  Walnut  St.,  Phlla. 


Contractors  and  Builders  of  Iron  and  Wooden  Bridges,  Pivot  Bridges,  Iron 
Boof  Trusses,  Turn-Tables,  Ac,  Have,  the  solo  use  of  the  original  «<Linvill«  A 
Piper"  Patent  «  Weldless  Cord  Links,"  «  Wrought  Iron  Oylindrieal  Pofto/'  and 
^  Compression  Beams  "  now  specified  for  all  important  biidgw. 
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E.  S.  KITGHIE  &  SONS. 


MANUFACTURERS  OF 


PHILOSOPHICAL  IRSTRUMENTS 

.  Haye  just  publfshed  ft  new  Illostrated  Catalogue  of  Instruments,  including 

Ritchie's  JPcUent  Automatic  Air  Tump, 

JRitchie^B  Fatent  Improved  Hoitz  MachinCf 
Ritchie's  Improved  Induction  CoU, 

JProf.  Lf/tnan^s  Patent  Wave  Machine. 

Geissjer^s  Tubes  in  great  variety  of  form,  of  equal  quality  to  the 
best  imported  tubes,  and  at  a  less  price,  and  also  manj  new  instru- 
ments in  all  departments  of  Physics,  particularly  such  as  are  require 
in  illustrating  late  works  of  Tyndall  and  other  Physists. 

Our  Catalogue  will  be  sent  on  application. 


ROOM%  N».  149  TREMONT  STREET,  BOSTON 

.       OPPOSITE  BOSTON  COMMON 


Digitized  by  VjOOQ IC 


HARRISON  STEAM  BOILER. 


VlflOlV  PUOAE  RKFnmT, 
GharlMtown,  Mms  January  21, 1869. 
Mr  JonpB  Habjusoh,  Jr. 

Sir:— In  my  Itmt  oommnnlmtiao  to  yon  in  regard  to  yoor  liz  flf^-hoTM  powtr  itMun  boUert,  I  pro> 
mlflsd  to  gire  yon,  at  a  ftitora  tim«,  the  exact  amoont  of  aaving  in  ftieL 

I  am  pieand  to  be  able  to  do  so  now,  as  I  kept  a  reir  close  and  accurate  aoooant  of  the  ftiel  need  from 
December.  1867,  to  December,  1868,  to  eompare  yoor  twUert  with  the  old  ones,  which  we  took  oat  in  Sep- 
tember, 1867. 

The  amount  of  raw  ragar  we  refined  daring  that  time  waa  larger  tban  erer  before.  The  ateam  praasnre 
was  always  kept  over  fifty  ponnde,  and  we  were  therefore  enabled  to  do  more  work  in  a  shorter  time  with 
the  same  machinery  and  apparatos  than  with  onr  old  steam  boilers,  in  which  the  pressors,  at  timss,  eoold 
not  be  kept  np  higher  tban  twenty  to  thirty  pounds. 
The  Mtoal  saTing  in  ftiel,  daring  this  time»  was  one  thoosand  and  seteBtyHme  tons  of  coaL 

Toon  truly,  

QUSTATUS  JA8P1R,  Superintendent. 


Worosster,  Mass.,  Yebroary  1, 18601 
Joaira  HAaaisoir,  Jr. 

Dear  Sir:— After  using  one  of  yoor  thlr^-ooe  horse  power  boflen  sizteen  months,  ft  girea  me  grmt 
pleasure  to  lay  that  it  has  proved,  in  eyery  partlenlar,  entirely  lattsfoctoiT.   I  hsTe  had  many  opportuni- 
ties to  recommend  it,  which  I  hare  done  witn  pleasare.    For  economy  in  fuel,  it  excels  all  boilera  in  use. 
I  can  raise  steam  in  shorter  time  than  in  any  boiler  I  haTe  erer  seen ;  and  would  oheerfiilly  recommend  it 
...  ...  safiist,  and  most  eoonomloal  boiler  ever  in  uss. 

Tenr  respeetlUly  yours, 

A.  N.  WHSELBB. 


Omci  or  ras  Gaavitb  Stam  ICnxB, 

Newport,  M.  H.,  Vebruaxy  1, 1869. 
JooPH  HABBiMur,  Jr.|  Xaq. 

D^ar  Sir :— Tours  of  January  9th,  asking  oor  opinion  of  the  Harrison  Boiler,  Is  at  hand.  We  haTe 
bad  yoor  boiler  In  ose  fifteen  months,  and  it  glTca  us  perfkct  satisfltetioB  In  ouicknese  of  raising 
steam,  and  the  cheapnees  of  running  it,  as  compared  with  the  old-fksbioned  boilers.  Oor  boiler  does  not 
yet  leak  a  drop,  and  we  do  not  believe  it  ever  will;  and  last,  though  not  Isast,  our  workmen  about  it  do 
not  foel  obUged  to  get  their  lives  insured.  Tours  truly, 

OOmN  k  N0TTB8B. 


Concoitl,  M.  H.,  rabroary  8;i869. 
JosiPH  HASUSOir,  Jr.,  Fhiladelphls,  Pa. 

Dear  Sir>-Tour  fkvor  of  January  9th  came  duly  to  hand.  The  62>{  horse  power  boder,  which  we 
had  of  yoa  in  October,  has,  fhnn  the  time  we  commenced  its  uee,  until  now,  given  perfbot  eatlsfoction.  and 
we  can  see  no  reason  why  it  should  not  continue  to  do  so.  It  is  the  only  boilnr  (and  we  have  had  a  Tariety  of 
kindaO  that  suited  us  fh>m  the  first  We  save  ftael,  are  troubled  with  no  leakage,  and  feel  safo  in  using 
It.    We  can  only  ssy  that  it  meets  more  than  our  expectations.  Truly  yours, 

ABBOT,  DOWNING  k  CO. 
For  prieo-list  and  lUostrated  circular,  apply  to 

JOSEPH   HARRISON, 

Grmpfg  jr«rry  JUmd,  IfMmdelphUh 
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M^rnpliii;  ^mm  ||»)rsi. 


Copies  of  ibis  map,  which  has  received  high  comviendatioQ  from 
many  of  our  first  astronomers,  have  been  prepared  for  sale  in  a  sepa- 
rate form,  such  as  adapts  them  for  use  in  the  observatory  and  class- 
room, and  will  be  sent  to  any  address,  freight  or  postage  prepaid,  at 
the  following  prioes*  Mounted  on  muslin,  with  the  key,  and  folded 
8o  as  to  be  conveniently  carried  and  used  by  pupils  at  98.00  a  dozen, 
or  singly  50  cents.  Mounted  on  large  cards  13  by  16  inches,  (1.00 
each.     In  neat  passe-partout  frames,  with  glass,  at  (2.00  each. 

Address 

wiuiFninuMiisnnTL 

JVo.  17  8.  Seventh  Street,  Phila. 


IN! 


FRANKLIN  INSTITUTE  JOURNAL. 

Which,  having  a  very  general  circulation  among  those  interested  in 
meehanical  processes,  is  a  valuable  advertising  medium  to  those  en- 
gaged in  such  business. 


OHETEAB.  SIZKOITTHS.         THSEI!  XOFTHB. 

One  page $30 $16 $9. 

Half  page 16 9 7. 

Quarter  page 9 7 &• 

JOHN   L.   KHOWLTON, 

(SuceeBSor  to  J.  W.  ZTNUT  A  CO,,) 

\   Maiwriglits  and  HaeUitists, 

JELBEJD  STBEJET   WMABF,   BHILABELBHIA. 


Manafkctarer  of  Steam  Engines  and  Boilers.  Also  all  kinds  of  Saw  Hill,  Plan* 
ing  HilU  and  Flour  Mill  Machinery.  Sole  Manufacturer  of  IluowI ton's  Patent 
Bevel  Saw,  for  Sawing  Ship  Timbers  ;  also,  Knowlton's  Circular  Sair,  for  Sawing 
Ship  Plank  to  the  curve  and  Bevel,  and  Knowlton's  Patent  Machine  for  Turning 
and  Orindinir  Shot,  Shell,  Valve  Balls,  Ten  Pin  and  Billiard  Balls.  Manufacturer 
•f  T.  H.  Cushins's  Patent  Saw  and  Planing  Machine,  for  Working  Bridge  Archea 
and  Carved  Tijaoen.    i9*Particular  attention  paid  to  Repairing. 
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TOR  ALL 

Laboratory  and  Manufacturing  Purposes. 

Platinum   Scrap  and  Ore  purcliased. 

B.  Iff.  RA7N0R 

Office,  67  Bond  St.,  New  York. 

PECORA  Pj^IISTT  CO., 

190  Nortb  Fourth  Street,  PMladelpbla. 


This  Company  are  the  only 
Manufacturers  of  this  Paint. 
It  is  a  remarkably  beautiful 
color — ^is  adapted  to  Machin- 
ists^ and  Railroad  Companies 
use— giving  a  finish  to  tools 
and  machinery  euperior  to 
anything  yet  introduced. 

RSrXB  TO 


[Extract  from.  TMHmonlal  ftom   KCEEIOX  k 
BOirS'  Soathwark  Vonadiy,  PhUadalphia.] 

"  Mr.  S.  fiowxK, 

Sec.  Pecora  Lead  Co: 
Yoar  MBTALUG  0£M£NT  ii  bet* 
ter  than  red  or  white  lend  for  makiDg 
STEAM  JOINTS  or  patching.  Hot 
rivets  do  not  afibct  the  Cement ;  we  use 
it  in  Joints  of  light  tanks,  in  the  place 
of  caulking,  and  they  do  not  les!?  ^o 
Qse  it  also  ea  gM-hoUi9«s> 

"J.  J.  GRKKN?3LD, 
•*  Foreman  c/  hotter  Department.*^ 


ELECTRO  MAGNETIC 

Magneto-Electric  Machines- 


AKD 


Galvanic  Batteries, 
MANUFACTURED  BY  J  NEFF, 

622  Cherry  Street,  Philadelphia,  Penna. 
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JUSTICE'S 


WATER 


'^. 


PIOTUUB  n 

S.  JUSTICE, 

St.,  PMUadelplila. 
lUf  Hew  Terlu 


ital  asd  limplo  inftni- 
iiktMiefOiftlitwillt 
9  do  «waf  wttb  the  ob- 
I  sMLDy  oonplioated  tnd 
HBABti  for  ft  limiltr  «iid» 

kho  gentitl  aRangemtat 
iwl  tportiM  of  Um  oook 

being  af (Mtod  fo  aa  to 
I  of  leti  tliaa  IVK  n- 
maim,  whilat  haid,  aa 
a  permanent  barrier  to 
tbo  water,  wliioh  is 
alwajs  oold  at  cock,  k; 
bal  when,  b j  reason  of 
the  water  line,  &,  falling 
to  an  oneafe  point,  eteam 
takes  the  place  of  the 
water  in. Ob  tnbci  the 
resin  melts,  it  is  almost 
imnledlatU J  blown  oni 
from  the  bowl  aperture 
ef  the  boeS,  and  the 
whistle  gitei  notice  of 
the    danger  from    h» 
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STEPHEN  USTICK, 

PATENT  ATTORNEY, 

Office,  108  S.  Fourth  Street,  Philadelphia. 

All  badnaw  relating  to  procuring 

Including 

Appeals,  Begected  Applications,  Intexference  Cases, 
Be-issues  and  Extensions, 

SXBOUTKD  WITH  OARB  AND  DISPATCH. 


19'The  P»t«nt  Office,  »t  "Washington,  viiitod  frequently. 

CIRARP  TUBE  WORKS. 

JOHN  H.  MUBPHY  &  BROS. 

"WOBKB,  TWBNT7-THIRD  and  FILBERT  STREETS. 

OfEtoe  and  ^^arehonaa^  ITq.  42  N.  Fifth  Streat^ 

PniLADELPHIA. 

nn  noi  usi  tv  run  ui  mma 

With  ICalleable  aad  Cast  Iron  Fittings  to  sait  the  same,  for  Steam,  Qas,  Water 
and  other  purposes ;  Gas  and  Steam-Fitters'  Tools,  Brass  Work,  &c   Agents  of  the 

*'OUNPOWI>ER  COPPER  WORKS/' 

Braders'  and  Sheathing  Sheets  on  hand.    Pattern  Sheets  rolled  to  order. 


omnBiaB^iflAff®  iwssi  wo&es. 


XHOMASHART.  WILUAM  B.  BUOB. 

HART  &  BUCK, 

MAKUYACTUnSBa  OT 

WROOaHT  IRON  AND  aALVANIZED  TDBES 

VOR 

GAS,  STEAM,  WATEE  OR  OIL. 
IHaUcabU  anl>  Cast  Iron  iittlngs,  Srdaa  iDorl^ 

GAS  and  STEAM-FITTERS^  TOOLSf  dfc 
Offloa  «a«  iVarttHMM.  soa.  7  ft9  North  Fifth  Street,  PhiladelpUa. 
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924  Chettma  Street,  PhUaOetpMa, 


xuruTAOTirsKia  axs  ufostsb*  ov 


fUXTETIVO  OOMPAHEi,  ZmiXEEBff  8XAXZ01SST, 

Spectacles,  Microscopes,  Opera  Glasses,  Spy  Glasses,  Lenses, 

ElBCTBICAL  lACHUES  WITH  PROF.  B.  B.  ROGERS'  GONUBNSBKS, 
PHIbOaOPHZCAL  ZNSTRXTMZUraa  AND    SCHOOL  APPARATUS. 


Ig^firh  of  the  foUowiog  parti  of  our  priced  and  fllastrated  Catalogae  aant  to 
my  eddreM,  free  of  chai^: 
Part  1.— Matbemalkial  Inatmments. 

Part  2.— Opiioal  Inatrumenti. 

Part  8.— StereoBcopticaQi  and  Hagio  Lanterns. 

Part  4.— PhfloM^khical  Inatmmenti. 
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f USHOUIT  XAOHniE  ¥OSE8-¥ood  Stnet,  Aon  Twenty-Fint  Sintl- 
POWEB  LOOK  WOSES-Ooner  of  Eunfltoa  and  Twentj-Fbrt  Stneli. 

PHILADELPHIA,  PA. 


THOD^^S    '\^CDCDlDy 


ICANUVAOtUEXR  OV 


^QQMB, 


'9 

Spooling,  Winding,  Beaming,  'Djdsig  and  ffizing  Haoldneiy 
Plans  taken,  and  Factories  fitted  oat  complete  with 

SHAFTUffG  AlffD  OEABlXa, 

PULLETS,   COUPLINGS   AND   SELF-OILING   HANGERS 

ADJUSTABLE  or  BIGID  BEARINGS,  always  on  hand. 

MACHINE  and  FOUNDRY  WORK  in 

all  its  branches. 
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MA17DFA0TUBSBS  OF  P0BTAJ3L2  A  STATIONZfiT 

ST£AM  mwm  A  BOHJEBS 

Steaia  7lre  ZSiigliies, 

LeffeFsPateat  Aaerican  DouMe  Turbine  Water  Whed 

SAW  MILLS,  MINING  MACHINERY,  PORTABLE  GRIST  MILLS, 
Flouring  Mill  Machinery,  Shafting,  Pulleys  and  Hangers. 

SEND  FOR  CIRCULARS 

E.  D.  O.  SMITH, 

80U0ITOR  OF 

AMERICAN  AND  FOREIGN  PATENTS, 

Dinotly  oppostit  Sutarn  Entnaoe  to  lb*  Ffttint  Offloe^ 


BusineM  of  any  descrfptioii  relating  to  Patents  will  reoeiv*  prompt  and 
thoroagh  attention*    AU  letters  of  enqoir/,  enclosing  stamp,  answered  without 
charge. 
References  in  any  part  of  the  country  furnished  when  desired. 

The  Brooks  Patent  ParfTme  Insulator, 

WOBKS,  22  South  Twenty-firBt  Street,  BhUadeiphia. 

All  yarietles  of  Insulators  manufactured  at  these 
Works  are  warranted  to  excel  the  usual  styles  of  Glass 
and  Bubber  more  than  one  hundred  fold. 

In  yiew  of  the  error  and  delay  in  transttlision,  waste 
and  oonsumption  of  battery  material — ^the  results  of  de- 
fective insulation — ^its  fragile  nature,  and  expense  of 
renewal,  nothing  is  more  manifest  than  its  economy. 

To  railroad  companies  relying  upon  the  efficiency  of 
their  telegraph  departments,  it  is  of  great  value. 
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SEAHLESS  DSAWH  BBA8S  TUBES 


SEftKLESS  ORHWN  60PPER  TUBES. 


lOK 


ZiOcoinotive,XM[arine  &  Stationary 
BOILERS, 

MAinrrACTUBED  BY  AMERICAN  TUBE  WOBSS, 

SOS'TON,   BHASe. 


^^'^BEifa^ 


ALSO, 


HEATER  TUBES, 
WORMS  FOR  STILLS, 
HAND-RAILS, 
PUMP  CHAMBERS, 
,  FEED  PIPES, 
SAND  PIPES, 


PAPER  ROLLS, 
BILGE  PIPES, 
STEAM  PIPES, 
CONDENSERS, 
PUMP  RAMS, 

PRINTERS'  ROLLS, 


BRASS  TUBES  FOR  PLUMBING  &  OTHER  PURPOSES. 


Office,  103  SUUe  Street,  Bogton, 

JOSEPH  H.  COTTON,  -nreasurer. 

2few  Tork  Office,  69  Wall  Street, 

W.  H.  BAILEY.  Aaent. 
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PAPER  MANOFACTDRERS 


hH^  AGENTS  OF  THC 


mmm  ^ni  ^H^iet?  ^^., 


OmCZS  AJ<I)  WAREHOUSES: 

No.    27    NOBTH  SIXTH    SIBEET,    PHILADELPHIA, 

Airi) 

Vo.  128  WILLIAM  STBEET,  NEW  YOBK 


Btra  oa  band  and  dmIm  to  order,  at  abort  aodMk 

saws  AHB  800S  PBXKvnr®  p^pob. 

A&L  QVAZJTIES  ASD  SIZBg. 

Mj^NILLA.      PA.PEIIS. 

IMPORTERS  OF  CHEMICALS  AND  FELTINGS, 

or  EYBRT  I1E80BZFZXOV. 

Cash  Market  Prices  Paid  for  all  kinds  of  Paper  Stock. 
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FEAKXLIN  S.  MILES, 

nfo.   208   Qvuanpjf  Sfveefy 

SCREWS  OF  BRASS,  ffiON,  STEEL  AND  GERMAN  SILVER, 

TRUSS  BUTTONS,  SET  SCREWS  and  CHANGE  WHEEL 

PINS  and  ROLLERS  for  Sewing  Machines, 

Etc.,  etc.,  etc 


All  SCJELEWS  made  to  order  from  Samples  furntehcd. 

HESST  F.  H.  BIBIINBINI, 
CIVIL  AND  MECHANICAL  ENGINEER, 

Will  make  EzaminationA,  Sarreys,  Plans  and  Estimates  for :  or  superintend  tbe 
oonstroetioA  of  WAtsa  Works,  Gas  Works,  WAtRR  Powies,  MACHii^xtr,  fto. 

Detailed  Drawings  and  Specifications  prepared  for  ReserToirs,  Dams,  Water 
Wheels,  Pampin^  Engines,  Gas  Holders,  &o. 

H.  P.  M.  B.  brings  to  his  aid  an  experience  of  over  twenty-five  years,  and  can 
refer  to  many  important  works  constructed  by  him,  or  under  his  direction. 

OFFICK,  158  SontH  FiiwrtH  St. 
RKSIDBNCBy  S5S5  Baring  Street, 

P]fcUadel|(kla,  »«• 
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KAKinrAonTBiRS  or 

REVOLVIRfi  HEAD  SCREW  MACHiRES, 

UNIVERSAL  MiaiNa  MACHINES, 

TAPPING  MACHINES,  PATENT  CUTTERS  for  GEARS,  &c. 


Ko.  1  BC&IW  MAOHINS. 


Thbioaehiiis  Is  tiutable  for  makiiig  from  bar  iron  all  kinds  of  sorsws  and  studs 
ordinarily  used  in  a  machine  shop.  One  man  with  this  machine  will  produce  as 
many  screws  as  from  three  to  flve  men  can  make  on  as  many  engine  lathes,  and 
tbsy  will  be  inoro  nniform  in  sise.  Nuts  can  be  drilled,  tapped  and  one  side  fsced 
npi  and  many  parts  of  sewing  machines,  cotton  machinery,  gas  and  steam  fittings 
made  on  this  inachinei  with  a  great  saving  of  time  and  labor. 

PBOXFTHISSI  good  WOBEI         BXASONASLS  fiATSSt 

HSUOH  Wm  VEADJmSm, 

Full  infbmwtion  In  regard  to  PATENTS  sent  firee  to  any  addrets. 
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AMERICAN  AND  EUROPEAN, 


OF  .  ;      . 

♦1^ 


ifO.  37  JPABKJEtOW,  IfBW  TOBK. 


For  a  period  of  nearly  twenty-fiye  years,  Mumr  &  Ck>.  baye  oooapied  the  posi- 
tion of  leading  Solicitors  of  Amerioan  and  European  PMents,  and,  during  this 
extended  experience  of  nearly  a  qnarter  of  a  century,  they  have  examined  not 
lens  than  fifly  thousand  alleged  new  inventions,  and  have  prosecuted  upwards  of 
thirty  ^thousand  applications  for  patents ;  and,  in  addition  to  this,  they  have  made 
at  the  Patent  Office  over  twenty  thousand  preliminary  examinations  into  the 
noYelty  of  inyentions,  with  a  careful  report  on  the  same. 

MuNN  &  Co.  deem  it  safe  to  say,  that  nearly  one-Uktrd  of  the  whole  number  of 
applications  made  for  patents  during  the  past  fifteen  years  has  passed  through 
their  Agency,  which  is  assisted  by  a  Branch  Office  at  Washington  which  watches 
and  superyises  all  their  cases  as  they  pass  through  official  examination. 

Inventors  who  desire  to  consult  with  us  are  cordially  inyited  to  do  so.  We 
shall  be  happy  to  see  them  in  person  at  our  office,  or  to  advise  them  by  letter. 
In  all  cases,  they  may  expect  from  us  an  honest  opinion.  For  such  consultations* 
opinion  and  adyice,  io«  make  no  charge,  A  pen-and-ink  sketch,  and  a  description 
of  the  inyention  should  be  sent. 

PftBLixiNART  EzAXiNATioK  is  made  into  the  novelty  of  an  inyention  by  per- 
sonal search  at  the  Patent  Office*  which  embraces  all  patented  inventions.  For 
this  special  search  and  report^  a  fee  of  $5  is  charged.  We  advise  this  speeial 
search  only  in  yery  doubtful  cases. 

To  Apply  for  a  Patknt,  a  model  must  be  furnished — ^not  oyer  a  foot  in  any 
dimensions.  Send  model  to  Mann  ^  Oo,  37  Fork  Row,  New  Tor^f  by  express, 
charges  paid ;  also,  a  description  of  the  improvement,  and  remit  $16  to  cover  first 
Government  fee,  revenue  and  postage  stamps. 

Caveats  Filed ;  Interferences  Managed ;  Extensions  and  Re-Issues  Obtained  ; 
Assignments  Prepared ;  Designs,  Trade- Marks  end  OompoeitteiiB  ]^tented* 

Patents  are  obtained  in  all  European  countries. 

For  instructions  concerning  Foreign  Patents,  Re-Issues,  Interferences,  Hints 
on  Selling  Patents,  Rules  and  Proceedings  at  the  Patent  Office,  the  Pat^t  Lawi, 
&c.,  see  our  Instruction  Book.    Sent  free^  by  mail»  on  application.    J 

Address  all  communications  to 

MUNU  &  CO., 
Ifo.  37  JPark  Bow,  2few  York  City. 

Office  in  Washingtoti,  corner  of  F  and  Seventh  Streets. 
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ITORIAL. 


ITEMS  AND  NOVELTIES. 

Gunpowder  File-Driver. — On  page  218  of  our  last  volume, 
we  gave  a  full  description,  with  an  illustration,  of  this  remarkable 
machine;  we  now  give  the  report  of  some  experiments  made  under 
the  direction  of  Chief  Engineer  Wood,  of  the  U.  S.  N. 

Philadelphia,  June  l^ih,  1809. 

Gentlemen: — Saving  been  present  by  invitation,  at  the  ship- 
yard of  John  W.  Lynn,  Esq.,  of  this  city,  on  the  14th  inst.,  to  wit- 
ness the  working  and  operation  of  Thomas  Shaw's  patent  hammer 
for  driving  piles  by  the  agency  of  gunpowder,  and  requested  to 
report  the  action  and  details  of  the  operation,  we  herewith  briefly 
state  the  result  to  have  been  as  follows: — 
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4  Editorial. 

The  pile-driving  engine  was  of  the  usual  form,  being  two  verti- 
cal posts  resting  upon  a  platform,  and  readily  moved  as  required. 

The  height  of  the  posts  was  48  feet,  fitted  with  guides,  and  a 
frictional  V-shaped  rod,  under  the  control  of  the  operator,  so 
arranged  as  to  arrest  the  ram  working  in  the  guides,  at  whatever 
point  desired. 

The  ram,  working  in  the  guides,  was  fitted  with  a  plunger,  ex- 
tending through  its  centre  and  projecting  above  and  below  it  about 
two  feet. 

The  top  of  the  pile  was  protected  with  a  cast  iron  cap-piece,  30 
inches  deep,  on  the  bottom  of  which  was  a  recess  resting  upon  and 
following  it  down  during  the  process  of  driving  it;  into  this  cap- 
piece,  upon  its  upper  portion,  was  a  cylindrical  aperture,  4J  inches 
in  diameter  and  18  inches  deep,  into  which  the  lower  plunger, 
attached  to  and  forming  a  part  of  the  ram,  was  fitted. 

At  the  upper  portion  of  the  frame  was  located  a  cylinder,  into 
which  the  upper  plunger  of  the  ram  was  fitted. 

The  operation  being,  that  when  a  pile  was  placed  in  position  to 
be  driven,  and  but  little  space  aflforded  for  striking  a  blow,  the 
upper  plunger  entered  the  cylinder  at  the  top,  compressed  the  air, 
and,  by  its  elasticity,  gave  additional  force  to  the  ram  in  its  descent 
upon  the  pile. 

The  hammer  was  put  in  operation  by  hoisting  it  up  6  to  8  feet, 
in  which  position  it  is  held  by  the  friction-bar,  operated  from  below 
by  a  suitable  lever.  A  cartridge  is  then  thrown  into  the  cylinder 
of  the  cap-piece,  restiog  upon  the  top  of  the  pile,  by  an  attendant ; 
when  the  hammer  is  released  and  falls,  the  plunger  enters  the  cylin- 
der of  the  cap  and  explodes  the  cartridge,  which  forces  up  the  ham- 
mer a  distance  of  from  7  to  9  feet,  depending  upon  the  size  and 
weight  of  the  cartridge. 

The  reactionary  effort  in  projecting  or  throwing  up  the  yam 
being  utilized  in  forcing  down  the  pile. 

The  weight  of  the  ram,  with  the  plungers,  was  675  pounds. 

The  pile  which  we  saw  driven  was  very  nearly  parallel  through- 
out its  length;  12  inches  in  diameter,  in  the  centre,  and  32  feet  long. 

When  placed  in  position,  with  its  lower  end  pointed,  eight  blows 
were  first  given,  to  show  the  gentlemen  present  the  operation  of 
the  machine,  forcing  the  pile  down  36  inches. 

Nine  (9)  blows  were  then  struck,  forcing  down  the  pile  20J 
inches.    Time  consumed,  15  seconds* 
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Next,  twelve  (12)  blows  were  given,  forcing  down  the  pile  22 J 
inches.     Time,  15  seconds. 

Seven  (7)  blows  followed,  forcing  down  the  pile  30J  inches. 

The  hammer  then  rested  a  distance  of  one  foot  above  the  head  of 
the  pile,  at  which  point  a  blow  was  struck,  which  forced  down  the 
pile  1  inch. 

At  this  stage  of  the  operation,  a  cartridge  one-half  heavier  than 
those  previously  used  was  placed  in  the  cylinder,  and,  when  ex- 
ploded, forced  the  pile  down  5  J  inches,  followed  by  two  successive 
blows,  when  the  pile  was  driven  12J  inches. 

One  blow,  with  similar  cartridge,  was  struck,  forcing  down  the 
pile  "if  inches. 

The  experiment  was  then  made  by  striking  the  pile  with  the 
ram  falling  the  same  distance,  8  feet,  from  which  it  was  thrown 
by  the  cartridge,  dispensing  with  the  cartridge,  when  the  pile  was 
driven  only  |  §  inches.  The  blow  in  this  case  being  similar  to  that 
given  by  an  ordinary  pile-driving  engine  with  a  ram  of  675  pounds 
falling  through  a  distance  of  8  feet. 

The  next  blow  was  made  similar  to  the  last  (with  the  use  of  the 
cartridge),  the  ram  falling  through  9  feet  6  inches,  when  the  pile 
was  driven  4|  inches,  as  in  the  former  case. 

A  hard  and  well-seasoned  oak  block  was  placed  upon  the  cap 
resting  upon  the  pile,  upon  which  the  plunger  fell  when  powder 
was  not  used. 

The  next  experiment  developed  the  rapidity  with  which  the 
operation  of  driving  piles  with  this  machine  could  be  prosecuted. 

The  pile  was  driven  10  feet  6  inches  in  55  blows.  Time  con- 
sumed, l\  minutes. 

Eleven  (11)  blows  were  next  given,  forcing  down  the  pile  26J 
inches. 

Twenty-nine  (29)  blows  were  next  given  in  40  seconds,  driving 
down  the  pile  9  feet  2  inches. 

The  pile  was  next  driven  2  feet,  which  completed  the  total  dis- 
tance driven,  viz :  30  feet,  of  which  no  record  was  kept. 

On  the  completion  of  the  work,  the  cap  was  lifted  off*  the  pile, 
when  the  head  was  found  to  be  in  as  perfect  a  condition  as  if,  prac- 
tically, no  force  whatever  had  been 'applied  to  it  in  forcing  it 
through  a  distance  of  30  feet  in  stiff,  hard  soil.  It  may  be  proper 
to  add,  in  conclusion,  we  consider  this  novel  application  of  gun- 
powder to  be  an  nnqualified  success,  for  the  purpose  of  driving 
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piles,  promising,  as  it  does,  a  saving  both  of  time  and  labor, 
which  should  commend  its  use  to  all  who  require  machines  of  this 
character.  We  are  respectfully  your  obed't  servants, 

W.  W.  W.  Wood, 

To  Messrs.  Chiof  Enginoer  U.  S.  N. 

Thos.  Shaw,  H.  L.  Hoff, 

W.  H.  RiCHABDSON,  'Bfig\vi  Iron  Works,  Philadelphia. 

W.  L.  GiLROY,  T.  J.  LOVEGROVE, 

JnO.  W.  Lynx.  inspector  of  Steam  Boilers,  Philadelphia. 

New  Pumping  Engine.  By  Messrs.  Shaw  &  Justice.— At 
the  last  meeting  of  the  Franklin  fnstitule,  this  apparatus  was  exhi- 
bited, and  described  by  M  .  Thomas  Shaw,  as  follows: — 

The  appliances  for  puioping  water  are  perhaps  more  numerous 
than  those  for  the  accomplishment  of  any  other  single  purpose,  and 
it  might  naturally  be  supposctl  that  modern  pumps  could  neither 
be  cheapened  nor  simplified,  to  any  great  extent,  for  the  reason 
that  the  hydraulic  engineering  talent  of  the  world,  for  the  past 
half  century,  has  been  spent  in  improving  these  machines;  yet, 
notwithstanding  this,  I  believe  that  the  pump  I  am  about  to  explain 
when  constru4Sted  of  large  size,  can  be  furnished  at  less  than  one- 
half  the  cost  of  any  other  pumping  engine,  will  perform  the  same 
duty,  and  possesses  not  a  tenth  of  the  complication  of  parts. 

This  engine  is  constructed  in  the  following  manner: — two  hemi- 
spheres, C  and  D,  arc  united  by  bolts,  w,  and  between  them  is  a 
cotton  duck  and  gum  diaphragm,  N,  clasped  in  the  centre  by  metal 
di^;cs,  M,  secured  to  valve-stem,  i.  A  is  a  cast  iron  base,  united  to 
hemisphere,  c,  by  bolts,  x,  forming  a  steam-chest,  B.  v  is  a  steam- 
pipe  leading  from  the  boiler,  and  R  and  s  are  valves  to  control  the 
same.  J  is  a  valve,  having  its  seat  at  Q,  and  is  operated  by  the 
valve  stem,  i,  as  hereafter  described.  T  is  the  inlet-pipe,  provided 
with  ordinary  valves,  K.  u  is  the  outlet-pipe,  provided  with  a  valve, 
p  is  a  pipe,  provided  with  a  stop-cock,  to  lead  water  to  the  injecting 
nozzle,  o;  said  nozzle  is  provided  with  a  valve  opening  inward.  E 
is  the  hot  well  for  the  collection  of  the  condensed  steam.  L  is  a 
pipe  for  conveying  steam  above  any  water  contained  in  the  hot 
well.  F  is  a  pipe  for  conveying  water  from  the  hot  well,  and  is 
provided  with  a  valve,  o,  and  stop-cock,  H. 

The  engine  is  started  in  this  wise:  steam  is  allowed  to  pass  from 
valve  s  into  the  hemispherical  chamber  beneath  the  diaphragm,  N, 
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until  all  the  air  contained  in  said  chamber  is  blown  out  through 
pipe  F,  when  the  steam  is  shut  off  at  valve  s.  When  the  hemisphe- 
rical chamber  is  relieved  of  pressure  below  that  of  column  of  water 
in  pipe,  P,  jets  of  water  are  thrown  from  nozzle,  o,  condensing  the 
steam  and. creating  a  vacuum.  The  only  place  to  fill  this  vacuum 
is  by  the  inlet-pipe,  T,  through  which  the  water  rushes  and  fills  the 


hemispherical  chamber  above  the  diaphragm,  until  it  forces  the 
diaphragm  to  its  lowest  position,  at  which  time  the  valve-stem  will 
have  reached  the  bottom  of  valve,  J,  and  press  upon  a  spring  con- 
tained therein,  forcing  the  valve  from  its  seat  and  allowing  the 
steam  to  pass  through  pipe  L,  beneath  the  diaphragm,  forcing  all 
the  water  out  of  pipe  u,  until  the  diaphragm  shall  have  arrived  ^t 
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its  highest  position,  at  which  time  the  button  in  lower  end  of  valve- 
stem  will  have  caught  on  the  top  of  valve  J  and  lifted  it  to  its  seat, 
where  said  valve  will  be  held  by  the  pressure  of  steam  until  again 
pushed  ofif.  In  the  meantime,  during  the  ascent  of  the  diaphragm, 
the  injecting-nozzle,  o,  will  cease  injecting  water  at  the  instant  the 
steam  enters,  by  reason  of  the  pressure  of  steam,  and  the  hot  water 
from  the  previously  condensed  steam  will  be  forced  out  of  pipe  F, 
by  reason  of  the  pressure  of  steam  upon  the  same.  When  the 
diaphragm  has  arrived  at  the  afore-described  highest  position,  and 
the  valve  shuts  the  steam  ofif,  a  vacuum  will  be  formed  by  reason  of 
the  injected  water;  and  the  pump  operates  as  before  described,  and 
will  continue  to  do  so,  automatically,  so  long  as  supplied  with  steam 
and  water. 

The  interior  of  hemisphere  c  is  coated  with  non-conducting  mate- 
rial, to  prevent  loss  of  heat. 

The  diaphragm  is  constructed  of  thick  gum  and  cotton  duck,  in 
separate  layers,  and  is  used  only  as  a  partition  for  heat ;  it  floats  in  the 
pressure  without  strain,  as  the  pressure  is  the  same  on  both  sides; 
and,  in  this  respect,  it  is  not  unlike  a  belt  traveling  in  the  pressure 
of  our  atmosphere.  A  continued  use  of  eight  months  shows  no 
appreciable  wear. 

We  have  here  a  pump  which  is  constructed  in  the  foundry,  so  to 
speak,  since  all  the  fitting  to  be  done  is  in  the  nature  of  bolt-holes 
and  pipe  apparatus. 

This  is  a  pump  that  at  once  dispenses  with  bored  cylinders, 
piston-rods,  and  all  these  complicated  appliances;  one  that  can 
pump  sandy  water  without  cutting,  and  needs  no  lubrication ;  one 
that  will  allow  the  whole  force  of  the  steam  to  be  exerted  in  lifting 
water,  and  will  not  consume  one-quarter  in  overcoming  the  friction 
of  parts  as  in  other  pumping  engines.  / 

Funched  Steel  and  Iron  Tubes. — It  is  upwards  of  two  years 
since  we  first  publicly  drew  attention  to  the  interesting  process  of 
making  tubes  by  punching  a  solid  ingot  and  gradually  enlarging  it 
afterwards  by  punches  of  successively  increasing  diameter  so  as  to 
put  the  work  upon  the  tube  from  the  inside,  instead  of,  as  hereto- 
fore, longitudinally.  Messrs.  Deakin  &  Johnson's  punched  tubes 
have  since  achieved  a  great  commercial  success.  Upwards  of  a 
quarter  of  a  million  have  been  made;  and  in  many  large  con- 
tracts abroad,  especially  for  the  Kensington  rifles,  no  others  are 
used. — Mec.  Mag. 
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Broom  and  Tool  Holder, — At  the  last  meeting  of  the  Institute^ 
there  was  exhibited  a  simple  and  ingenious  contrivance  for  the 
above  purpose,  devised  by  Mr.  John  G.  Powell,  and  manufactured 
by  Frank  S.  Judd  &  Co.,  of  this  city.     It  consists  of  a  soft  metal 
socket,  cast  upon  an  ordinary  wood 
screw,  with  a  piece  of  steel  wire  so 
bent  and  inserted  as  to  clasp  and 
hold  securely  any  object,  such  as  a 
broom  or  tool-handle,  pressed  into 
its  grasp.  The  manner  in  which  the 
wire,  by  a  series  of  bends,  is  made  to 
fulfil  the  various  offices  of  securing  i 
socket,  grasping  the  handle,  and  sprii 
ciently  to  clasp  objects  of  various  siz( 
ing  of  high  commendation,  as  also  is  tl 
of  the  mould  in  which  the  sockets  are 
involves  several  important  features 
ment. 

The  accompanying  cut  shows  or 
holders  in  position,  with  a  handle  o: 
brush  in  it.     It  must  not,  however,  b 

that  a  depression  in  the  handle  is  requisite.   It  will  hold  a  straight 
wooden  broom-handle  just  as  well. 

Proposed  Iron  Bridge  over  the  Schuylkill  River  at  Fair- 
mount. — By  a  resolution  of  Councils,  premiums  were  offered  for 
designs  for  an  iron  bridge  at  Fairmount,  and  the  City  Engineer  was 
instructed  to  advertise  for  plans  and  estimates. 

The  design  illustrated  in  this  number  of  the  Journal^  was  sub- 
mitted by  J.  H.  Linville,  C.  E.,  Philadelphia,  to  whom  was  awarded 
the  first  premium. 

The  bridge  will  occupy  the  site  of  the  present  Suspension  bridge, 
the  lower  roadway  accomodating  the  travel  on  Callowhill  and  Haver- 
ford  streets.  The  upper  roadway  will  be  approached  on  the  west  by  an 
iron  viaduct  on  columns,  in  accordance  with  designs  prepared  by 
the  Chief  Engineer  of  the  City,  carrying  the  traffic  from  Bridge 
Street  over  the  Pennsylvania  Eailroad  tracks.  A  similar  viaduct 
at  the  eastern  approach  will  be  continued  through  the  Eeservoir  en- 
closure, and  terminate  in  Spring  Garden  Street.  The  clear  span  of 
the  bridge  is  340  feet,  total  width  50  feet,  and  heighth  of  truss  over 
all,  35  feet.    The  sidewalks  are  each  8  feet  in  width. 

Vol.  LVIII.— Third  Series.— No.  1.— Jult,  1869.  2 
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The  variable  load  assumed  is  75  pounds  per  superficial  foot  of 
upper  and  lower  floors,  7,500  pounds  per  lineal  foot  of  superstruc- 
ture. With  this  load  uniformly  distributed,  the  several  parts  of 
the  trusses  will  be  strained  to  one-sixth  of  their  ultimate  strength. 
The  style  of  truss  adopted  is  known  as  the  Linville  &  Piper  patent 
wrought  iron  truss,  embracing  their  patent  upper  chords  of  plates 
and  channels,  tubular  wrought  iron  posts,  and  "upset"  lower  chord 
links.  The  vertical  and  horizontal  members  of  the  trusses  are  con- 
nected with  the  suspension  diagonals  or  links  by  turned  connecting 
pins.  The  trusses  are  stayed  laterally,  by  an  arrangement  of 
wrought  iron  lattice  bracing,  ornamented  by  cast  iron  brackets  and 
pendents. 

The  foot  walks,  carried  on  projecting  cantilevers,  are  protected  by 
suitable  iron  railings,  and  finished  with  ornamental  facias,  shields 
and  scroll-work.  The  flooring  consists  of  two  courses  of  2J-inch 
oak  plank,  secured  to  iron  joists. 

All  parts  of  the  iron  work  will  be  accessible  for  repainting.  The 
wood  work  will  be  treated  by  the  Bobbins  preservative  process. 

When  the  bridge,  with  its  long  approaches  on  ornamented  iron 
columns,  has  been  completed,  the  present  dangerous  grade-crossing 
of  the  railway  tracks  will  be  obviated,  and  Spring  Garden  Street 
will  have  a  direct  connection  with  Bridge  Street.  The  entire  struc- 
ture will  be  of  the  most  substantial  and  durable  character,  in  style 
and  proportion  worthy  of  a  great  city,  and  a  pleasing  object  in  the 
vicinity  of  the  Park. 

Committee  on  Plans, — Strickland  Kneass,  Chief  Engineer  and 
Surveyor  of  Philadelphia ;  Herman  J.  Lombaert,  2d  Vice-President 
Pennsylvania  Railroad  Company;  Edward  Miller,  Civil  Engineer, 
&c.;  Solomon  W.  Roberts,  Chief  Engineer  North  Pennsylvania 
Railroad. 

French  Atlantic  Telegraph  Cable  is  rapidly  approaching 
completion;  the  whole  of  the  gutta-percha  core  has  been  finished  at 
the  works  at  Wharf  road,  and  of  the  total  length  of  the  cable,  one 
section,  that  from  St.  Pierre  to  Boston,  has  been  completed  at  Mr. 
W.  T.  Henley's  works,  at  North  Woolwich.  The  larger  section, 
from  Brest  to  St.  Pierre,  now  making  at  the  Telegraph  Construction 
Company's  works  at  Greenwich,  has  made  such  rapid  progress  that 
there  is  no  doubt  but  that  it  will  all  be  completed  to  time.  The 
total  length  of  both  sections  manufactured  to  May  1st  was  3,850 
miles,  and  of  this  length  nearly  2,700  miles  had  been  shipped. 


Digitized  by  VjOOQ IC 


ICE 


mwwM 


¥M-&^^ 


Digitized  by  VjOOQ IC 


1( 


u 
tl 
T 

V9 

a] 
li 
n 

P 

Yi 

P 

S' 

a 
o 


o 
o 

V 

t 
a 

S 
1 

1 

c 
t 

g 

f 

( 
t 
t 

1 


Digitized  by  VjOOQ IC 


Items  and  Novelties,  11 

Three  vessels  are  now  receiviDg  cable,  the  "  Great  Eastern,"  with 
over  2,100  miles  of  main  deep  sea  cable  on  board ;  the  "  Scanderia," 
with  450  miles  of  the  United  States  section;  and  the  "William 
Gary,"  with  only,  as  yet,  a  short  length.  It  is  anticipated  that  the 
"  Great  Eastern  "  will  leave  Sheerness  about  the  second  week  in 
June,  but  before  that  time  we  hope  to  place  before  our  readers 
some  further  interesting  details  of  this  truly  great  enterprise. — 
Mech.  Mag. 

British  Indian  Telegraph* — Immediately  after  the  completion 
of  the  core  for  the  French  Atlantic  cable,  at  the  gutta-percha  works, 
the  conductor  for  the  British  Indian  line  was  commenced  to  be 
insulated,  and  before  the  "  Great  Eastern  "  can  leave,  the  machines 
at  Greenwich  will  be  in  full  -work  manufacturing  this  cable,  which 
will  be  a  few  miles  longer  than  the  French  Atlantic  cable.  This 
cable  will  also  be  in  two  sections,  the  one  from  Suez  to  Aden,  and 
the  other  from  Aden  t6  Bombay— a  total  length  of  3,600  miles. 
The  two  sections  differ  from  each  other  in  the  size  of  core  and  in 
external  protection;  but  on  the  commencement  of  the  work  we 
shall  be  able  to  give  some  particulars. — Mech.  Mag. 

Oa  the  Practical  Speed  of  Electricity  through  7,200  miles 
of  Land  Wire.  By  G.  Davidson,  Esq.,  Astronomer,  United  States 
Coast  Survey. 

Observations  to  the  above  end  were  made  on  the  night  of  Feb. 
28,  1869,  at  San  FraDcisco,  California,  on  a  loop  of  wire  extending 
thence  to  Cambridge,  Massachusetts,  3600  miles,  and  returning  to 
San  Francisco;  the  return  signal  being  received  on  a  chronograph 
close  to  that  receiving  the  outgoing  signal. 

The  total  interval  of  time  between  the  records  of  the  two  signals 
amounted  to  0*8  of  a  second;  and  this  may  be  called  the  practical 
speed  through  7,200  miles  of  land  wire,  because  that  length  was 
cut  up  in  the  usual  service  manner  of  telegraphic  companies,  into 
11  portions,  say,  of  650  miles  each;  these  portions  being  connected 
by  as  many  relays  (or  repeaters,  as  they  are  called  in  America,) 
which  send  forward  on  each  of  these  occasions  a  new  electrical  cur- 
rent into  the  next  section  of  the  wire;  and  such  new  electrical  cur- 
ent  would  travel  through  its  new  650  miles  of  wire  much  more 
quickly  than  an  originel  current  through  the  second,  third,  or  any 
subsequent  continued  length  of  650  miles. 

The  integral  result  may,  therefore,  be  looked  on  as  a  safe  and 
satisfactory  multiplication  by  11  of  the  time  occupied  by  electricity 
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in  both  traveling  through  650  miles  of  land  wire,  and  working  one 
relay  of  the  kind,  whatever  that  may  be,  now  used  in  the  United 
States ;  the  time  occupied  in  effecting  such  work  being  apparantly 
0-07  of  a  second. 

New  Paper  for  New  Uses. — We  all  know  to  what  gigantic 
proportions  the  new  industry  implied  in  the  term  "  paper  collar  " 
has  grown,  but  a  new  material  which  has  just  been  introduced  bids 
fair  to  cast  this  entirely  into  the  shade,  and  to  exert  a  very  import- 
ant influence  upon  the  textile  manufactures  of  the  world.  A  mate- 
rial known  as  felted  paper  has  been  devised  by  M.  Pavy,  composed 
of  New  Zealand  flax,  jute,  mallow,  and  the  ordinary  fibres  of  hemp 
and  cotton,  as  well  as  some  wool,  silk,  skin,  &c.,  which  are  all 
reduced  to  "  pulp,"  and  treated  in  the  usual  way  for  paper-making. 

They  produce  a  material  of  wonderful  pliability  and  tenacity, 
about  which  and  its  uses  our  cotemporary,  the  London  Mechanics' 
Magazine^  expresses  itself  as  follows : — 

"It  can  be  sewn  together  with  as  much  ease,  and  makes  as  strong 
a  seam,  as  the  woven  fabrics  it  is  intended  to  replace.  The  uses  to 
which  this  paper  can  be  put  are  innumerable.  We  may  mention  a 
few  of  the  articles  we  have  seen  at  the  office  of  Messrs.  Roberts  and 
Thorne,  82  Gracechurch  street,  City.  First,  petticoats,  which  no 
*girl  of  the  period'  could  resist.  These  may  be  printed  exactly  Kke 
the  skirts  now  so  fashionable,  or  they  may  be  white,  and  have  open- 
work stamped  out  in  patterns,  which  scarcely  any  amount  of  labor 
with  scissors  and  needle  could  imitate.  The  marvel  is  that  they 
can  be  sold  retail  for  sixpence  each — little  more  than  the  cost  of 
washing  a  petticoat.  We  have,  next,  bed-furniture  of  imitation 
cretonnes  and  chintzes.  These  are  printed  with  patterns  of  great 
beauty,  and.  a  set  of  curtains  will  only  cost  five  shillings.  We  have 
also  quilts,  which,  besides  being  excellent  non-conductors  of  heat, 
have  a  very  ornamental  appearance.  White  day-covers  for  beds  are 
made  with  embossed  patterns,  and  equally  cheap.  White  table-cloths, 
stamped  with  patterns  in  remarkably  good  taste,  will,  we  are  sure, 
soon  ornament  many  a  dinner-table,  and  serve  to  light  the  fires  the 
day  after  the  party,  unless  the  host  be  of  an  economical  turn  and 
re-sells  them  to  the  paper-maker.  But  the  material  is  also  applied 
to  articles  of  a  more  substantial  character.  Very  good  imitation 
leather  is  formed  of  it,  and  furniture-covering,  and  even  shoes  may 
be  made.  The  last  can  be  made  impermeable  to  wet,  by  the  intro- 
duction of  oils  and  india-rubber.     We  have  said  enough  to  show 
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that  a  material  is  produced  which  will  probably  have  considerable 
influence  on  some  of  our  staple  industries.  Paper  collars,  it  may  be 
well  supposed,  have  already  had  a  sensible  influence  on  the  linen 
trade,  and  the  further  extensive  substitution  of  paper  for  woven 
fabrics  must  produce  still  greater  changes." 

Gold  Befining, — a  New  Process. — A  new  way  of  effecting  the 
separation  of  the  silver,  in  gold  refining,  has  been  recently  intro- 
duced into  the  Mint  at  Sydney,  Australia. 

In  order  to  carry  out  the  operation,  a  clay  crucible  is  first  pre- 
pared with  borax,  by  dipping  it  into  a  hot  saturated  solution  of  the 
salt,  and  afterwards  thoroughly  drying  it ;  all  the  pores  of  the  cru- 
cible being  by  this  means  filled.  The  alloyed  metal  is  melted  in 
the  crucible  thus  prepared;  a  small  quantity  of  borax  being  added 
during  the  process.  A  stream  of  chlorine  gas  is  then  caused  to  pass 
through  the  fused  mass,  and  by  uniting  with  the  silver  forms  a 
chloride  of  silver,  which  rises  to  the  top,  and  remains  liquid  after 
the  purified  gold  has  been  cooled  to  such  a  degree  as  to  become 
solid.  After  this  the  molten  chloride  is  poured  off,  and  the  silver 
reduced  by  the  usual  chemical  process.  The  previous  saturation 
of  the  crucible  with  borax,  is  found  to  prevent  it  from  absorbing 
the  chloride,  and  obviates  the  loss  which  would  otherwise  result 
from  the  passage  of  the  liquid  chloride  through  the  porous  material 
of  the  crucible. 

Preserving  Silver. — The  loss  of  silver  which  results  from*  the 
impregnation  of  our  atmosphere  with  sulphur  compounds,  especially 
where  gas  is  burned,  is  very  great.  It  has  been  said  that  many 
thousands  of  pounds  worth  go  down  our  sewers  annually  in  the 
form  of  dirt  from  plate-cleaning,  and  the  loss  of  one  large  house  on 
Cornhill,  from  this  source,  has  been  described  to  us  as  serious. 
Silversmith  may,  then,  thank  one  of  their  confraternity,  Herr  Strol- 
berger,  of  Munich,  for  a  happy  thought.  He  seems  to  have  tried 
various  plans  to  save  his  silver,  if  possible.  He  covered  his  goods 
with  a  clear  white  varnish,  but  found  that  it  soon  turned  yellow  in 
the  window,  and  spoilt  the  look  of  his  wares.  Then  he  tried  water 
glass  (solution  of  cilicate  of  potash),  but  this  did  not  answer.  He 
tried  some  other  solutions,  to  no  purpose;  but  at  last  he  hit  upon 
the  expedient  of  doing  his  goods  over  with  a  thin  coating  of  collo- 
dion, which  he  finds  to  answer  perfectly.  No  more  loss  of  silver, " 
and  no  longer  incessant  labor  in  keeping  it  clean.  The  plan  he 
adopted  is  this : — He  first  warms  the  articles  to  be  coated,  and  then 
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pays  them  carefully  over  with  a  thinDish  collodion  diluted  with 
alcohol,  using  a  wide  soft  brush  for  the  purpose.  Generally,  he 
says,  it  is  not  advisable  to  do  them  over  more  than  once.  Silver 
goods,  he  tells  us,  protected  in  this  way,  have  been  exposed  in  his 
window  more  than  a  year,  and  are  as  bright  as  ever,  while  others, 
unprotected,  have  become  perfectly  black  in  a  few  months. — Mech. 
Magazine, 

Silver  Plating  Solution* — A  non-poisonous  silver  solution — 
non-poisonous,  at  all  events,  in  comparison  with  the  cyanide  solu- 
tion, which  allows  no  time  for  the  use  of  antidotes — though  not, 
possibly,  altogether  harmless,  may  be  found  useful,  especially  when 
it  can  be  applied  without  the  use  of  electricity.  The  inventor  takes 
one. part  of  nitrate  of  silver  and  dissolves  it  in  twenty  parts  of  water. 
To  this  solution  he  adds  half  a  part  of  sal-ammoniac,  and  precipi- 
tates the  silver  as  chloride,  which  he  again  dissolves  by  the  aid  of 
two  parts  of  hyposulphite  of  soda.  Afterwards,  he  adds  to  the  clear 
solution  two  parts  of  a  milk  of  chalk  and  water.  When  used,  the 
mixture  is  shaken  up,  a  little  poared  into  a  saucer,  and  rubbed 
over  the  article  to  be  silvered  with  a  toothbrush  or  a  linen  rag. 
After  rubbing  a  short  time,  and  rinsing  with  water,  the  article,  it 
is  said,  will  be  found  beautifully  silvered. — AfecL  Mag. 

On  an  Alloy  of  Iron  and  Zinc. — It  is  a  well-known  fact  that 
Iron  is  dissolved  by  molton  zinc,  but  nowhere  is  any  definite 
alloy  of  these  metals  described,  nor  is  it  also  stated  how  much  Iron 
is  dissolved  by  Zinc.  Dr.  Oudemans,  Jr.,  obtained  from  analysis 
a  piece  of  metal  which  had  been  formed  in  an  iron  vessel  wherein 
zinc  had  been  fused  for  several  weeks  continually ;  this  metal  was 
found  deposited  at  the  bottom  of  the  vessel,  and  became  an  impedi- 
ment to  the  melting  operations  in  consequence  of  the  relative  in- 
fusibility  of  the  alloy.  In  physical  aspect  this  latter  was  of  very 
much  whiter  color,  and  entirely  different  crystalline  structure  from 
zinc;  the  alloy  dissolved  very  readily  and  briskly  in  dilute  sul- 
phuric or  hydrochloric  acid,  and  was  found,  on  analysis  to  contain 
4'6  per  cent  of  iron.  Taking  for  granted  that  this  alloy  is  a  definite 
compound  of  the  constituent  metals,  its  formula  would  be — 
FeZ^(F=56;Zn82  75). 

Further  Besearches  on  Jargonium,  and  Ceylon  Jargon« 
By  n.  C.  Sorby,  F.  R.  S.,  &c.— In  my  last  note  I  told  you  that  I 
had  found  in  zircons  what  appeared  to  be  another  elementary 
substance.    I  have,  since  then,  made  many  experiments,  and  find 
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that  the  facts  are  far  more  interesting  than  if  they  were  the  effect 
of  a  new  element.  Judging  from  analogy  with  all  other  known 
substances,  no  other  conclusion  could  have  been  formed ;  but  I  now 
find  that  jargonia  exists  in  two  distinct  conditions,  which  have 
diflferent  specific  gravities  and  optical  properties.  The  flamed 
borax  beads  give  two  entirely  different  spectra,  according  to  the 
temperature  to  which  the  enclosed  crystals  have  been  exposed;  and 
there  is  an  analogous  difference  in  the  silicates.  On  taking  a  pale 
green  jargon,  which,  naturally,  showed  a  mere  faint  trace  of  the 
absorption  bands,  and  keeping  it  at  a  bright  red  heat  for  some  time, 
the  specific  gravity  gradually  increased  from  4.20  to  4.52,  and  the 
spectrum  then  showed  all  the  narrow  black  absorption  bands  in  as 
great  perfection  as  my  best  specimen.  This  fact  is,  of  course,  very 
interesting ,  since  we  can  now  artificially  alter  jargons  so  as  to  show 
the  bands  in  the  same  splendid  manner  as  a  few  do  naturally,  and 
shall  thus  be  able  to  obtain  them  without  much  difficulty,  to  use  as 
a  most  excellent  natural  standard  scale,  to  measure  the  position  of 
the  absorption  bands  in  other  spectra. 

Eclipses  of  1868  and  1869. — In  an  article  upon  the  eclipse  of 
last  year,  we  noticed  (p.  270  of  our  last  volume)  De  la  Rue's  calcu- 
lation of  the  rotary  motion  of  the  great  horn.  As  was  there  stated, 
these  calculations  were  based  upon  certain  drawings  published  in 
the  London  Engineer.  From  an  article  in  the  Monthly  Notices  of 
the  Boyal  Astronomical  Society,  we  just  learn  that  one  of  these,  is 
entirely  incorrect,  showing  an  inclination  northward  where  it  should 
have  been  southward.  This,  of  course,  destroys  the  conclusions  as 
to  an  axial  rotation  founded  upon  the  published  drawings. 

By  a  curious  oversight,  the  date  given  by  us  in  the  same  article 
(page  273)  for  the  coming  eclipse  was  the  same  as  the  one  before; 
it  should  have  been  August  7th. 

Aqueous  Vapor  in  the  Sun. — In  a  late  number  of  the 
Comptes  BendiAS,  we  find  a  letter  from  Father  Secchi,  which  con- 
tains some  statements  of  so  remarkable  a  character  that  nothing 
but  such  high  authority  could  give  them  credibility.  He  tells  us, 
that  in  examining  the  light  from  the  vicinity  of  large  sun  spots, 
with  a  powerfully  dispersing  spectroscope,  in  which  the  incident 
and  refracted  beams  are  nearly  parallel,  he  has  frequently  met  with 
groups  of  nebulous  bands  in  the  region  of  red  and  orange,  about 
809-5  and  864-  of  Kirchhoff's  scale. 

The  bands  are  very  distinct  from  those  of  the  normal  spectrum, 
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and  not  at  all  likely  to  be  confused  with  them.  They  seem  to  be 
made  up  of  many  very  fine  lines,  enveloped  in  a  nebulous  shade, 
and  appear  on  the  penumbrse  of  large  spots,  and  on  the  trains  of 
small  ones  often  found.  They  are  never  perceived  on  the  general 
solar  surface.  On  one  occasion,  they  were'  observed  when  the 
general  surface  was  in  field,  but  it  was  then  found  that  a  light 
cirrhus  cloud  was  between  the  observer  and  the  sun.  This 
observation  was  repeated,  and  leaves  no  doubt  that  these  lines 
are  due  to  the  absorbing  action  of  vapor  of  water. 

The  Yellow  Bay  of  the  Prominences  Beversed  in  the  solar 
spectrum.  Father  Secchi  also  announces,  that  with  a  spectroscope 
of  nine  prisms,  he  finds  a  dark  band  exactly  corresponding  in  posi- 
tion with  the  yellow  ray  near  d,  observed  in  the  spectrum  of  the 
prominences  and  chromosphere.  This  same  band  he  also  found  in 
several  stars  whose  spectra  bear  a  general  resemblance  to  that  of 
the  sun.  Thus  it  appeared  in  Aldebaren,  Orion  and  Polux.  Sirius 
presented  a  bright  region  in  the  corresponding  place.  In  the  red 
stars  of  the  fourth  class,  bright  yellow  rays  may  be  seen,  but  it  is 
difficult  to  fix  their  position. 

Proper  Motion  of  Stars  Measured  with  the  Spectroscope. 
— Father  Secchi  has  repeated  and  confirmed  the  observations  made 
by  Mr.  Huggins  on  this  point  (see  our  last  number,  page  875,)  and 
has  also  been  able  to  see  the  two  other  bands  corresponding  with 
hydrogen,  which  he  finds  to  be  similarly  displaced  with  the  P  line. 

Another  Burning  Star. — We  have,  at  various  times,  referred 
to  the  curious  phenomena  attending  the  outburst  of  a  star  in  the 
Northern  Crown  during  May,  18C6.  (See  Vol.  LVII.,  p.  159,  and 
Vol.  LII.,  p.  138.)  It  now  appears  that  another  variable  star,  R  in 
Gemini,  which  attained  its  greatest  brightness  (5'5)  in  February 
last,  has  been  eiamined  by  Father  Secchi,  and  finds  its  spectrum 
closely  analogous  to  that  of  the  first- mentioned  star.  It  shows 
a  brilliant  hydrogen  ray,  and  other  bright  lines,  of  which  the  prin- 
ciple ones  correspond  with  the  dark  bands  in  a  Orionis,  between  B 
and  D. 

The  Tower  Subway  is  advancing  at  the  rate  of  nine  feet  per 
day,  and  the  contractor  expects  to  reach  the  shaft  on  the  South wark 
side  in  less  than  five  months. 

Beanes'  Process  for  Bone  Blacky— On  page  398  of  our  last 
volume  the  reference  should  be  to  page  42S  not  428. 
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STEAM  JACKETTING  CYLINDERS  OF  CORNISH  PUMPING  ENGINES. 

By  Hbnrt  p.  M.  Birkinbine,  C.  E. 

It  is  almost  the  universal  practice  in  constructing  Cornish  pump- 
ing engines,  to  surround  the  steam  cylinder  with  another  cylinder, 
leaving  an  annular  space  of  about  one  inch ;  this  space,  when  the 
engine  is  working,  is  kept  filled  with  steam  from  the  boilers.  The 
steam  jacket  is  considered  by  most  engineers  an  indispensable  part, 
and  it  is  claimed  that  with  it,  an  engine  can  be  worked  to  a  higher 
degree  of  expansion,  and  with  greater  economy  of  fuel,  and  that 
without  such  an  appendage  the  walls  of  the  cylinder  cannot  be 
maintained  at  an  equal  temperature  and  parallel. 

Watt,  it  is  said,  abandoned  the  use  of  the  steam  jacket  for  a  time, 
but  used  it  again,  believing  the  efficiency  of  his  engines  was  im- 
proved thereby. 

Having  had  experience  in  constructing  engines  of  this  kind  with 
and  without  jacketted  cylinders,  I  have  been  led  to  question  the 
value  of  the  steam  jacket  in  effecting  any  economy  of  fuel,  and  to 
doubt  whether  it  does  not  rather  take  from  the  efficiency  of  an 
engine.  Being  an  expensive  appendage,  and,  unless  carefully  han- 
dled, liable  to  get  out  of  repair,  it  should  be  abandoned  if  un- 
necessary. 

The  following  practical  statements  may  present  some  facts  to 
sustain  the  position  taken  in  opposition  to  high  authorities  and  al- 
most universal  practice ;  remembering  that  all  the  power  of  the 
engine,  whether  exerted  in  the  cylinder  directly  under  the  piston, 
or  from  the  jacket  through  the  walls  of  the  cylinder,  is  drawn 
fjpom  the  boilers,  it  is  the  utilization  of  the  amount  of  caloric 
which  is  converted  into  force  by  the  reduction  of  the  steam  into 
water. 

The  loss  of  heat  in  a  steam  cylinder  is — 

First, — By  radiation  from  the  outside  surfaces. 

Second. — Heat  converted  into  work  by  the  engine.- 

Third. — Eefrigeration  by  the  condenser. 
Vol.  LVIII.— Third  Serib*.— No.  1.— Jult,  1869.  8 
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Outward  Radiation  from  the  Cylinder. — This  is  entirely  prevented 
by  the  steam  jacket,  as  it  is  maintained  at  about  the  same  tempera- 
ture as  the  steam  in  the  boilers,  which  is  in  excess  of  that  in  the 
cylinder,  where  expansion  is  used. 

But  the  outside  of  the  steam  jacket  will  radiate  more  heat  than 
the  steam  cylinder,  because  of  its  greater  circumference,  exposing 
a  larger  amount  of  surface,  and  because  it  is  maintained  at  a  higher 
temperature.  In  ordinary  practice,  the  mean  temperature  in  the 
cylinder  is  202°F.,  and  that  in  the  boiler  communicating  with  the 
steam  jacket  is  274°  F.  The  careful  protection  which  the  cylinders 
of  this  class  of  engines  generally  receive,  prevents  radiation  from 
being  a  source  of  much  loss. 

Heat  converted  into  work. — There  is  no  doubt  that  a  higher  de- 
gree of  expansion  is  possible  with  a  steam-jacketted  cylinder,  for 
as  the  temperature  of  the  steam  in  the  cylinder  is  lowered,  heat  is 
imparted  by  the  steam  in  the  jacket,  and  the  expansion  is  thus  car- 
ried to  a  greater  extent.  But  whatever  heat  is  thus  imparted,  must 
be  furnished  from  the  boiler.  The  proposition  then  becomes  this : 
will  the  heat,  imparted  by  the  steam  in  the  jacket,  do  more  work  than 
if  supplied  to  the  steam  cylinder  directly,  either  by  admitting  steam 
at  a  higher  temperature,  or  a  greater  volume  of  it  ? 

Refrigeration  by  the  condenser. — In  single-acting  engines,  such  as 
the  Cornish,  the  loss  is  much  less  than  in  double-acting  engines,  as 
the  steam  end  of  the  cylinder  is  never  directly  connected  with  the 
condenser,  the  steam  (usually  at  about  202°  F.)  passing  through  the 
equilibrium  passage  into  the  other  end  of  the  cylinder  before  the 
exhaust  is  opened.  When  the  exhaust  is  open,  the  inside  surface 
of  the  cylinder  is  exposed  to  the  cooling  effect  of  the  condenser, 
and  the  steam  in  the  jacket  is  robbed  of  heat  during  the  entire  in- 
door stroke,  or  while  the  steam  is  doing  its  work  on  the  opposite 
side  of  the  piston.  This  not  only  wastes  power,  but  throws  addi- 
tional labor  on  the  condensing  apparatus. 

The  objection  made  that  the  cylinder  will  become  larger  at  one 
end  than  at  the  other  while  in  use,  because  one  end  connects  with 
the  boiler  and  the  other  with  the  condenser,  is  merely  a  technical 
one ;  for  if  no  heat  be  conducted  from  the  steam  end  to  the  exhaust 
end  by  the  iron  in  the  cylinder,  the  difference  of  temperature  is  so 
small,  that  when  represented  by  the  difference  in  diameter  caused 
by  the  expansion  of  the  metal,  it  could  not  be  measured  by  ordi- 
nary means.    There  is  practically  none. 
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The  accumulation  of  water  in  the  cylinder  is  either  the  result  of  loss 
of  heat  by  the  walls  of  the  cylinder,  or  of  excessive  expansion  or  of 
priming.  A  steam  jacket  would  reconvert  any  water  in  the  cylinder 
into  steam,  if  it  was  in  contact  with  the  sides  of  the  cylinder, 
but  as  this  water  would  rest  upon  the  piston-head  in  an  ordinary 
"beam"  engine,  and  upon  the  lower  cylinder  head  in  a  "Bull", 
engine,  the  heat  from  the  jacket  would  not  act  directly  upon  it,  and 
the  process  would  necessarily  be  a  slow  one.  Whatever  heat  is 
thus  imparted,  must  be  taken  from  the  steam  in  the  jacket. 

The  water  can  be  removed  probably  as  eflfectually  and  economi- 
cally by  admitting  the  steam  into  the  cylinder  at  a  temperature 
sufficiently  above  that  necessary  to  perform  the  work,  to  absorb  all 
tbe  water.  There  may  have  been  difficulty  in  doing  this  where 
steam  was  used  at  the  low  pressure  of  from  four  to  ten  pounds,  but 
it  can  readily  be  accomplished  when  the  practice  is  to  maintain  a 
pressure  of  from  30  to  45  pounds. 


NEW  BUCKFRIARS  BRIDGE. 

Wk  are  sorry  to  say  that  now  all  hopes  of  completing  this  mag- 
nificent thoroughfare  in  time  for  opening  by  the  24th  of  this  month 
are  at  an  end.  The  bridge  cannot  now  be  ready  for  opening  before 
'the  end  of  June.  This  is  to  be  regretted,  because  the  most  unceas- 
ing efforts  have  been  made  to  get  all  forward  so  as  to  allow  of  the 
inaugural  ceremony  being  held  on  the  24th  inst.  There  would 
have  been  a  peculiar  fitness  in  giving  up  this  splendid  work  to  the 
public  on  that  day,  for  the  24th  of  this  month  is  the  50th  anniver- 
sary of  Her  Majesty's  birth,  and  it  is  exactly  the  100th  anniversary 
of  the  date  on  which  old  Blackfriars  bridge  was  first  opened.  Two 
such  coincidences,  therefore,  seemed  to  make  it  imperative  that  the 
bridge  should  be  opened  on  that  date,  and  on  none  other;  and 
Messrs.  Thorn,  the  contractors,  have  done  their  utmost  to  secure 
such  a  desirable  result ;  but  it  was  not  to  be.  Difficulties  which  no 
human  ingenuity  could  have  foreseen  or  lessened  arose,  so  that  the 
idea  of  opening  this  month  was  gradually  and  reluctantly  aban- 
doned, and  the  date  is  now  postponed  to  some  day  not  yet  named, 
at  the  end  of  June  or  the  beginning  of  July.  Even  if  completed  at 
this  date,  however,  it  will  be  among  the  quickest  built  permanent 
bridges  ever  stretched  across  the  Thames.    The  works  were  begun 
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in  Junej  1864, — that  is  to  say,  the  old  bridge  was  closed  at  that 
time.  It  took  eighteen  months  to  remove  that  ruinous  dilapida- 
tion, and  it  was  not  till  the  January  of  1866  that  the  present  struc- 
ture was  commenced.  It  will  thus,  in  June,  have  taken  three  years 
and  a-half  to  complete  it  from  first  to  last.  Old  Blackfriars  was 
commenced  in  1760,  and  finished,  as  we  have  said,  in  1769.  Vaux- 
hall  bridge  was  begun  in  1811,  and  finished  in  1816;  Waterloo 
bridge  was  also  begun  in  1811,  and  finished  on  the  18th  of  June, 
1817,  the  second  anniversary  of  Waterloo,  after  which  victory  the 
bridge  was  called;  South wark  bridge  took  six  years  to  build,  Huu- 
gerford  five  years,  old  Westminster  eleven,  and  new  Westminster, 
from  one  cause  or  another,  very  nearly  the  same  time.  London 
bridge  took  seven  years  before  it  was  completed.  So  that  if  we 
get  Blackfriars  bridge  in  three  years  and  a-half  from  its  commence- 
ment, we  shall  have  no  cause  to  complain  of  its  engineers  or  of  the 
speed  with  which  the  contractors  have  done  their  work  under 
them. 

As  far  as  regards  the  structure,  the  new  bridge  may  be  said  to 
be  absolutely  complete.  All  the  iron  ribs  of  the  arches  are  "  bedded  " 
and  bolted  together.  These  arches  of  wrought  iron  were,  of  course, 
built  in  separate  ribs,  but  were  not  laid  on  the  stone- work  of  the 
piers,  and  rested  entirely  on  the  timber  centering,  with  their  ends 
about  three-quarters  of  an  inch  from  the  stone  piers,  from  which  they 
were  wedged  up.  These  wedges  have  now  been  knocked  out,  and 
the  arches  allowed  to  settle  down  into  their  places  on  the  stone. 
No  bed-plates  were  used,  but  between  the  iron  and  the  stone-work 
molten  lead  was  run  in,  and  when  this  had  hardened  the  wedges 
were  knocked  away,  the  iron  ribs  at  once  came  to  their  proper 
bearings,  and  in  no  instance  was  any  perceptible  deflection  observed 
when  the  arches  were  thus  left  to  carry  their  own  weight.  The 
centering  is  now  simply  retained  in  its  place  for  the  accommodation 
of  the  painters,  who  are  about  to  paint  the  whole  structure.  The 
iron- work  has  already  had  two  coats  of  paint;  the  last,  which  is  now 
being  given  to  it,  is  of  a  rich  bronze  green.  The  outer  iron  span- 
drils  of  the  arches  are  covered  at  the  intersections  of  the  lattice- work 
with  large  ornamental  bosses,  much  after  the  pattern  of  the  well- 
known  heraldic  rose.  These  decorations  are  to  be  richly  gilt,  and 
the  color  contrasts  which  will  be  afforded  by  the  gilding,  the  bronze 
green,  the  red  polished  granite,  and  the  white  carved  stone-work, 
will  make  this  bridge,  as  seen  from  the  river,  one  of  the  most  beau- 
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tiful  works  of  its  kind.  Every  one  of  the  granite  columns  have 
now  been  fixed.  They  are  the  largest  ever  used  in  any  bridge. 
Each  of  them  cost  more  than  £800,  for  they  are  nearly  24  feet  in 
circumference,  and  have  been  polished  to  the  smoothness  of  an 
agate  surface.  Each  column  stands  on  a  richly-carved  pediment  of 
white  Portland  stone,  and  each  is  surmounted  by  a  most  massive 
capital  carved  in  birds,  flowers,  and  sea  and  river  weeds.  Four  of 
these  capitals  have  been  finished  by  Mr.  Phillips,  and  their  eflfect  is 
really  splendid.  The  other  four  are  well  in  hand,  and  will,  it  is 
hoped,  be  ready  when  the  bridge  is  opened.  Above  these  capitals 
will  be  placed  the  carved  recesses.  There  are  to  be  four  of  these 
on  each  side  of  the  bridge,  so  that  the  somewhat  bare  and  mono- 
tonous outline  of  parapet  at  Westminster  is  avoided.  Each  of  these 
eight  recesses  are  to  be  10  feet  deep  by  13  feet  wide.  They  will  be 
fitted  with  plain  granite  benches,  but  the  outer  or  river  side  will  be 
carved  with  quatre-foils  deeply  cut,  but  not  pierced  through.  In 
such  a  highly  ornamental  structure  as  this  is  to  be,  it  is  satisfactory 
to  know  that  the  lamp-posts  are  to  be  as  artistically  treated  in  form 
and  ornamentation  as  the  rest  of  the  work.  These  standards  are 
not  to  be  fixed  on  the  parapet,  as  has  always  been  the  case  hitherto, 
but  will  be  in  close  lines  along  the  curb  at  each  side,  so  as  to  throw 
the  greatest  amount  of  light  over  the  broad  pavements  and  over  the 
still  broader  roadway  for  the  use  both  of  the  vehicles  and  pedes- 
trians. In  each  of  the  recesses,  however,  branched  lamps  will  be 
placed  as  t>eacons  to  warn  the  passing  river  traffic  by  night  where 
the  sharp-edged  piers  are.  About  two-fifths  of  the  whole  bridge  have 
already  been  paved  with  its  buckle-plates,  and  sufficient  has  been 
done  to  form  a  fair  path  across  the  whole  bridge,  while  the  two 
shore  arches  are  quite  finished.  The  abutment  on  the  Surry  side 
has  also  been  quite  finished.  Nearly  all  the  ornamental  parapet 
work  has  been  delivered  at  the  bridge,  but  only  a  few  short  lengths 
have  been  placed  in  position.  It  is  a  very  beautiful  specimen  of 
Venetian  gothic,  in  its  most  florid  style,  and  does  great  credit  to  the 
founders.  From  the  inside  of  the  bridge  this  parapet  will  appear 
rather  low,  being  only  8  feet  6  inches  in  height.  From  the  river, 
however,  it  will  look  bold  and  sufficiently  lofty,  as  it  will  stand  on 
the  summit  of  a  rich  cornice.  Next  week  the  work  of  taking  down 
the  scaffolding  will  be  commenced  in  some  parts,  and  in  others  the 
piles  around  parts  of  the  structure  will  be  drawn.  There  are,  alto- 
gether, nearly  6,000  loads  of  this  timber  to  be  removed  above  and 
below  water,  but  it  is  calculated  that  all  may  be  got  away  within  a 
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couple  of  months.  Directly  the  new  bridge  is  opened,  the  work  of 
pulling  down  the  temporary  wooden  one  alongside  it  will  be  pro- 
ceeded with.  This  temporary  bridge  remains  as  strong  as  ever. 
It  is,  in  fact,  a  temporary  bridge  only  in  name,  for,  with  repairs  to 
piles  now  and  then,  it  would  last  as  long,  almost,  as  old  Blackfriars 
bridge,  which,  for  nearly  half  the  time  that  it  stood,  was  in  a  state 
of  chronic  dilapidation  and  decay.  The  new  bridge  will  cost,  alto- 
gether, about  £320,000,  or  at  the  rate  of  about  £4  the  superficial 
foot.  At  this  rate  it  will  be  one  of  the  cheapest  permanent  bridges 
yet  built  in  London. — Times, 


A  TRACTION  ENGINE  AT  NAMAQUALAND. 

The  dullness  of  this  place  and  Springbok  has  been  greatly  and 
agreeably  disturbed  by  the  running  of  the  Cape  Copper  Mining 
Company's  steam  traction  engine  "  Pioneer  "  along  the  roads,  and 
great  was  the  astonishment  of  some  of  the  country  people  to  see 
an  immense  (as  they  called  it)  fire-wagon  traveling  without  either 
horses  or  oxen.  It  is  devoutly  to  be  wished  that  many  more  of 
the  same  kind  of  engines  may  follow,  as  it  is  deplorable  to  see  many 
thousands  of  tons  of  copper  ore  lying  upon  the  company's  grounds 
without  the  means  (unless  by  the  old  process)  of  being  transported 
to  a  port  of  shipment.  The  engine  was  made  by  A  veling  &  Porter, 
and  combines  the  latest  improvements  suggested  by  their  great 
experience  in  this  class  of  machinery.  The  trial-trip  from  this 
place  to  Springbok  was  made  on  the  19th  March,  the  engine  leav- 
ing Ookiep  early  in  the  afternoon,  ascending  with  ease  the  steep 
gradient  at  the  toll-gate,  passing  through  the  village  to  the  reduc- 
tion works,  and  returning  to  Ookiep  the  next  day.  On  the  follow- 
ing Tuesday,  under  the  management  of  Mr.  W.  Morshead,  the 
company's  resident  engineer,  a  more  severe  trial  was  made,  the  en- 
gineer, in  the  presence  of  the  company's  superintendent,  ascending 
a  steep  hill  on  the  Nababeep  road,  the  path  being  in  places  very 
rocky  and  cut  up  by  water-courses.  In  returning  to  Ookiep,  an 
old  wagon-road  was  taken  in  which  a  deep  "  sluit "  was  met  with. 
This,  also,  was  easily  crossed.  The  engine  seemed,  in  fact,  able  to 
make  its  way  almost  anywhere  that  an  ox-wagon  could  be  driven, 
and  it  will,  doubtless,  render  valuable  assistance  in  the  transport  of 
ores  and  materials. — The  Cape  Argus^  April  3,  1869. 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 

(Continued  from  Vol.  LVII.,  page  382.) 

Opinions  respecting  the  Comparative  Merits  of  Gearing  and  Belting, 

*'  Considerable  difiference  of  opinion  exists  as  to  the  best  and 
most  eflfective  principle  of  conveying  motion  from  the  source  of 
power  to  the  machinery  of  a  mill.  The  Americans  prefer  leather 
straps,  and  large  pulleys  or  riggers. 

"In  this  country,  and  especially  in  the  manufacturing  districts, 
toothed  wheels  are  almost  universally  employed. 

"  In  some  parts  of  the  South,  and  in  London,  straps  are  extensively 
used;  but  in  Lancashire  and  in  Yorkshire,  where  raillwork  is  car- 
ried out  on  a  far  larger  scale,  gearing  and  light  shafts  at  high  velo- 
cities have  the  preference. 

"  Naturally,  I  am  of  the  opinion  that  the  North  is  right  in  this 
matter,  and  that  consistently,  as  I  was  to  a  great  extent  the  first  to 
introduce  that  new  system  of  gearing  which  is  now  general  through- 
out the  country,  and  to  which  I  have  never  heard  any  serious  ob- 
jection, I  have  been  convinced  by  a  long  experience  that  there  is 
less  loss  of  power  through  the  friction  of  the  journals,  in  the  case 
of  geared  wheel  work,  than  when  straps  are  employed  for  the  trans- 
mission of  motive  power.  Carefully  conducted  experiments  con- 
firm this  view,  and  it  is  therefore  evident  which  mode  of  transmis- 
sion is,  as  a  general  rule,  to  be  preferred." 

"  There  are  certain  cases  in  which  it  is  more  convenient  to  use 
straps  instead  of  gearing.  With  small  engines  driving  saw  mills, 
and  some  other  machinery  where  the  action  is  irregular,  the  strap 
is  superior  to  wheel  work,  because  it  lessens  the  shocks  incidental 
to  these  descriptions  of  work.  So,  also,  when  the  motive  power 
has  been  conveyed  by  wheel  work  and  shafting  to  the  various  floors 
of  a  mill,  it  is  best  distributed  to  the  machines  by  means  of  straps." 

"  In  some  of  the  American  cotton  factories,  however,  there  is  an 
immense  drum  on  the  first  motion,  with  belts  or  straps  from  two 
to  three  feet  wide,  transmitting  the  power  to  various  lines  of  shaft- 
ing, and  these  in  turn  through  other  pulleys  and  straps,  giving  motion 
to  the  machinery. 
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"  From  this  description  it  will  be  seen  that  the  whole  of  the  mill 
is  driven  by  straps  alone,  without  the  intervention  of  gearing. 

"  The  advantages  of  straps  are  the  smoothness  and  noislessness 
of  the  motion.  Their  disadvantages  are  cumbrousness,  the  expense 
of  their  renewal,  and  the  necessity  for  frequent  repairs.  They  are 
inapplicable  in  cases  where  the  motion  must  be  transmitted  in  a 
constant  ratio,  because,  as  the  straps  wear  slack,  they  tend  to  slip 
over  the  pulleys,  and  thus  lose  time.  In  other  cases,  as  has  been 
observed,  this  slipping  becomes  an  advantage,  as  it  reduces  the 
shock  of  sudden  strains,  and  lessens  the  danger  of  breaking  the 
machinery. 

"  Very  various  materials  are  employed  for  straps,  the  most  ser- 
viceable of  all  being  leather  spliced  with  thongs  of  hide  or  by  ce- 
ment. Gutta  percha  has  been  employed  with  the  advantage  of 
dispensing  with  joints,  but  it  is  affected  by  changes  of  temperature, 
and  it  stretches  under  great  strains.  Flat  straps  are  almost  univer- 
sally employed,  in  consequence  of  the  property  they  possess  of 
maintaining  their  position  on  pulleys,  the  faces  of  which  are  slightly 
convex. 

"Round  belts  of  cat-gut  or  hemp  are  sometimes  used,  running  in 
grooves,  which  are  better  made  of  a  triangular  than  a  circular  sec- 
tion— so  that  the  belt  touches  the  pulley  in  two  lines  only,  tangen- 
tial to  the  sides  of  the  groove ;  in  this  case  the  friction  of  the  belt 
is  increased  in  proportion  to  the  decrease  of  the  angle  of  the  groove." 

"  The  strength  of  straps  must  be  determined  by  the  work  they 
have  to  transmit.  Let  a  strap  transmit  a  force  of  n  horse-power  at 
a  velocity  of  v  feet  per  minute,  then  the  tension  on  the  driving  side 

of  the  belt  is  — ^ —  lbs.,  independent  of  the  initial  tension  pro- 
ducing adhesion  between  the  belt  and  pulley.  For  example,  let  v 
be  314-16  feet  per  minute,  or  the  velocity  of  a  24-inch  pulley  at  50 
revolutions  per  minute,  and  let  3  horse-power  be  transmitted,  then 

*   ^  ^^ —  =  312  lbs.,  the  strain  on  the  pulley  due  to  the  force 
314-16  '  ^       "^ 

transmitted." — Fairbaim,  Machinery  of  Transmission^  H.  C.  Baird, 

page  99. 

"Throughout  New  England,  until  within  a  few  years,  it  was 

generally  thought  by  engineers  and  millwrights,  that  cotton  mills, 

and  woolen  mills,  and  all  others,  requiring  a  very  considerable 

power,  could  not  be  run  effectively  without  large  and  ponderous 
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lines  of  upright,  and  horizontal  shafts  of  either  cast  or  wrought 
iron,  and  heavy  trains  of  cog-wheels  of  cast  iron,  or  partly  of  iron 
and  partly  of  wood. 

"And  when  large  leather  belts  began  to  be  introduced  for  the 
main  gear  of  mills,  as  a  substitute  for  gear-wheels,  it  was  thought 
by  some  of  our  best  Engineers  to  be  an  experiment,  at  the  least,  of 
very  doubtful  result,  if  not  altogether  impracticable,  and  indeed  at 
the  present  time  (1837),  notwithstanding  all  the  evident  advantages 
of  belts  over  gear-wheels,  many  still  adhere  to  the  old  mode  of 
gearing ;  and  this,  doubtless,  not  so  much  from  a  want  of  discern- 
ment and  sound  judgment,  as  from  a  lack  of  opportunity  of  com- 
paring and  testing  the  advantages  of  bolts,  and  the  disadvantages  of 
gear-wheels;  or,  perhaps,  they  may  have  formed  an  erroneous 
opinion  of  the  utility  of  using  belts  from  the  inspection  of  some 
mills,  that  have  been  belted  on  a  bad  principle,  or  from  belts  inju- 
diciously managed." 

"Having,  from  a  constant  practical  experience  of  both  modes  of 
gearing  mills,  for  more  than  ten  years,  at  Lowell,  Saco  and  other 
places  become  fully  satisfied  of  the  utility  of  belting  mills,  instead 
of  running  them  with  gear-wheels,  and  that  they  run  much  lighter, 
stiller,  and  with  far  less  friction,  and  a  proportionately  less  motive 
power,  with  belts  than  with  gear-wheels." 

"A  cotton  mill  of  dimensions  adapted  to  the  convenient  operation 
of  4000  spindles,  of  cotton  machinery,  including  all  the  preparation 
for  making  yarn,  and  weaving  cloth,  ordinarily,  required  four  trains 
of  upright  shafts,  extending  through  the  height  of  four  stories,  the 
trains  usually  commencing  in  the  basement  story." 

"To  each  train  of  uprights  were  attached  from  two  to  four  pairs 
of  heavy  gear-wheels,  and  in  addition  to  these,  in  many  mills  all 
the  counter  lines  of  shafts  were  geared  off  at  right  angles  with  the 
horizontal  main  shaft,  which  required  a  very  large  number  of  gears 
and  shafts.  A  mill  thus  geared  is  a  full  .load  for  the  power  of  a 
moderate  sized  water-wheel  without  any  machinery,  and  a  great 
proportion  of  this  unnecessary  weight  and  friction  may  be  saved  by 
the  judicious  use  of  belts  instead  of  gears.  And  besides  the  disad- 
vantages before  named,  the  trains  of  gear  wheels  require  the  con- 
stant extra  expense  of  careful  attendance,  and  of  oil  or  some  unctu- 
ous matter  to  lubricate  and  keep  them  from  heating,  friction  and 
abrasion.  And  again,  all  the  gears  must  be  closely  boxed  in,  and 
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supplied  with  tight  dripping  pans,  or  the  mill-grease  will  be  liable 
to  drop  into  the  work  and  greatly  damage,  if  not  entirely  ruin  it. 

"These  are  serious  inconveniences  and  evils  that  may  be  avoided 
by  substituting  belts  in  place  of  gear-wheels.  The  first  expense, 
and  the  constant  repairs  will  be  as  little  with  belts  as  with  gear- 
wheels ;  and  the  risk  and  hindrance  that  may  be  caused  by  belts  is 
far  less;  for  if  a  main  belt  breaks,  it  is  the  work  of  a  few  minutes 
only  to  repair  it  or  replace  it  with  a  new  one,  whereas,  the  break- 
age of  a  single  gear-wheel  may  cause  the  hindrance  of  a  week,  and 
the  almost  entire  loss  of  the  wheel  broken,  together  with  a  hundred 
times  the  labor  and  expense  in  exchanging  the  broken  wheel  for  the 
new  one,  that  would  be  caused  in  repairing  or  exchanging  the  belts. 
And,  again,  if  it  should  be  found  desirable  at  any  time  to  change 
the  velocity  of  any  part  of  the  mill  gear,  it  is  much  more  easily 
done,  and  with  far  less  expense,  by  varying  the  size  of  the  pulleys 
and  drums  than  by  changing  gear-wheels." 

"  But  to  gear  a  mill  wholly  with  belts,  and  to  do  it  judiciously,  and 
to  the  best  advantage,  doubtless  requires  more  nice  calculation, 
careful  judgment,  and  practical  experience,  than  to  do  it  with  gear- 
wheels for  many  mills  have  been  so  belted  as  to  cause  more  friction, 
trouble  and  expense  than  would  be  caused  or  required  in  the  use 
of  gear-wheels."         **«***«* 

"In  laying  out  the  gear  of  a  mill,  it  is  worth  much  time  and  pains 
to  arrange  the  drums  and  belts  in  such  a  manner  that,  so  far  as  may 
be  practicable,  the  stress  of  one  belt  upon  the  journals  shall  be 
counteracted  by  that  of  another  belt  in  an  opposite  direction,  refer- 
ring to  the  stress  upon  the  line  of  main  drums,  the  counter  drums 
being  of  minor  consequence ;  but  where  the  main  power  is  to  be 
exerted  to  throw  the  stress  upon  one  belt  into  that  of  another,  is 
economy  in  the  wear  of  the  whole  mill  gear,  as  well  as  in  power, 
both  of  which  are  points  of  great  importance  to  the  manufacturer. 
This  point  has  not  always  been  observed ;  for  it  is  sometimes  more 
convenient  in  arranging  the  gear  and  machinery  of  a  mill  to  place 
the  line  of  main  drums  upon  one  side  of  the  mill  instead  of  in  the 
centre.  And  the  effect  of  this  arrangement  is  to  throw  the  whole 
stress  of  the  belts  upon  one  side  of  the  journals  of  the  main  drum 
shafts,  which  ought  ever  to  be  avoided." 

*  *  «  *  *  *  *  "It  is  further  of  great  importance  that 
each  belt  should  be  of  such  a  length  that  it  will  adhere  to  the  drum 
so  much  as  to  prevent  it  from  slipping,  and  that  without  the  neces- 
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sity  of  pulling  on  the  belt  so  tight  as  to  cramp  the  drums  and  wear 
the  bearings.  Every  belt,  to  run  easy  and  well,  should  be  so  slack, 
when  running,  that  the  slack  side  should  run  with  a  waving,  undu- 
lating motion,  without  any  tension  except  on  the  leading  side,  and 
when  belts  will  so  run  without  slipping  upon  the  drums  or  pulleys 
they  will  wear  for  a  great  length  of  time ;  for  although  a  belt  may 
be  heavily  loaded,  yet,  if,  at  every  revolution,  it  can  have  an  oppor- 
tunity for  relief  from  its  tension  so  as  to  contract  to  its  natural  tex- 
ture, it  will  prevent  it  from  breaking  by  the  stress  upon  it.  But 
if,  otherwise,  it  be  kept  strained  so  tensely  as  to  be  constantly 
strained  to  its  greatest  extent  on  both  sides  of  the  drums,  it  will 
wear  but  a  short  time  without  cracking  at  the  edges,  and  will  shortly 
be  destroyed." 

"  Sufficient  care  is  seldom  taken  to  have  belts  to  run  free  and 
easy,  and  it  has  been  one  of  the  greatest  errors,  more  or  less  preva- 
lent in  all  cotton  or  woolen  mills,  to  run  the  belts  so  tense  as  greatly 
to  injurs  the  belts  and  rapidly  increase  the  wear  of  the  bearings." 

**  It  has  been  customary  in  almost  all  belted  mills  to  affix  heavy 
cast  iron,  or  wooden  binders  (tighteners)  weighted,  to  the  belts 
which  drive  the  main  mill  gear,  to  prevent  them  from  slipping,  and 
it  has  been  generally  thought  impracticable  to  keep  them  from  slip- 
ping on  the  pulleys  and  drums  without  binders ;  but  this  opinion 
is  wholly  erroneous,  and  without  any  true  foundation,  if  the  belts 
are  properly  prepared  and  pulleys  and  shafts  arranged  as  mentioned 
above." 

"  The  method  taken  to  make  them  run  light  and  slack  without 
slipping  has  been  already  given,  (see  Treatment  of  Leather  for  Belts,) 
and  the  plan  succeeded  so  well  that  every  manufacturer  who  uses 
belts  ought  to  know  it." — I.  H.  B.  Frank.  Inst  Jour.,  June,  1837, 
page  451. 

(To  be  continued.) 


Ck>iiibined  Rubber  and  Steel  Belts,  by  Mr.  Louis  Sterne, 
England.  In  these  a  band  of  steel  is  imbedded  in  layers  of  rubber 
which  are  attached  to  it  during  the  process  of  vulcanizing  in  so  firm 
a  manner  that  it  is  found  impossible  to  detach  them.  It  is  stated 
that  such  belts  have  been  found  to  work  well  with  heavy  machinery. 
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EXPEDiTiOUS  RAILWAY  MAKING. 

The  foUowiDg  despatches  to  the  San  Francisco  (California)  Even- 
ing Bulletin  of  April  29th,  sent  by  the  correspondents  at  the  eastern 
end  of  the  Central  Pacific  Eailway,  within  a  few  mile  of  its  junction 
with  the  Union  Pacific  Kailway,  explain  themselves.  It  will  be 
seen  that  upwards  of  ten  miles  of  line  were  laid,  ready  for  the  pas- 
sage of  trains,  in  eleven  hours. 

^^ Third  Despatch — Noon. — A  great  feat  has  been  accomplished 
this  morning,  seven  miles  of  track  have  been  laid  by  the  Central 
Pacific,  and  the  track  layers'  party  dined  in  their  regular  quarters 
at  the  end  of  the  new  laid  track.  In  one  morning  8500  men,  800 
horses  with  teams  and  all  their  provender ;  all  the  stores  of  the 
company  and  of  the  Chinese  traders,  the  blacksmith  shops,  the  har- 
ness makers'  shops,  the  company's  oiBce,  the  telegraph  office,  the 
headquarters  of  Mr.  Stenford,  and  the  abode  of  Mr.  Strobridge  and 
family,  and  the  boarding  and  sleeping  apartments  of  600  white  men, 
have  moved  nine  miles  as  easily  as  if  they  had  been  aboard  a  large 
steamship.  The  dead  weight  above  moved  this  morning  over  nine 
miles  of  road,  seven  of  which  has  been  built  since  daylight,  includes 
the  ties  hauled  by  teams,  without  reckoning  the  rolling  stock,  fuel  or 
water  trains.  There  are  nearly  3000  tons  in  shop.  The  camps  and 
commissariat  of  an  army  of  10,000  persons  have  advanced  nine  miles 
without  the  slightest  accident  into  the  new  country,  and  no  one  has 
suflered  the  privation  of  any  of  the  comforts  which  the  best  cared 
for  workingmen  can  enjoy  in  a  mountain  town.  Not  only  has  this 
been  done,  but  the  army  was  ready  in  an  hour  to  move  again.  How 
many  generals  ever  see  moved  such  an  army  in  a  country  130  miles 
from  fresh  water  ?  The  rate  of  laying  track  has  been  one  mile  an 
hour — the  first  time  it  has  ever  been  attempted,  and  it  may  be  the 
last,  for  it  is  not  probable  that  such  an  army  will  be  organized 
again. 

''Fourth  Despatch.  End  of  Central  Pacific  Track  April  28,  P.  M. 
— The  greatest  work  in  track-laying  ever  accomplished  or  conceived 
by  railroad  men  has  been  successfully  achieved  to-day  by  the  Cen- 
tral Pacific  Company.  Ten  miles  and  58  feet  of  railroad  (grading 
excepted)  has  been  made  between  daylight  and  sundown.  Some 
two  or  three  miles  of  this  had  been  hauled  out  by  teams  yesterday 
on  the  advance,  but  all  the  iron  rails,  fish  bars,  bolts  and  spikes  were 
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carried  out  today,  and  the  most  part  of  it  was  brought  a  number 
of  miles  from  the  rear,  as  the  station  this  morning  was  two  miles 
behind  the  foremost  rails.  The  ties  for  over  7  miles  had  to  be 
hauled  by  two-horse  teams  from  5  miles,  where  they  were  first  laid, 
to  over  12  miles  where  they  were  last  laid,  and  this  over  a  rapidly 
rising  grade  and  mountain  road.  As  there  are  about  2400  ties  to 
a  mile,  and  they  are  from  80  to  90  lbs.  in  weight,  it  makes 
1,244,000  lbs.,  without  the  16,800  ties  teamed  and  laid.  This  only 
represents  part  of  the  work  done  by  teams,  as  all  the  blacksmith, 
wheelwright  and  other  workshops  went  by  the  wagon  road.  One 
length  of  such  camp  wagons  by  count  numbered  25,  and,  spun  out 
in  a  thin  line,  looked  like  one  of  the  large  emigrant  trains  of  for- 
mer days.  The  iron  moved  by  the  construction  train  was  1000 
ton?,  and  the  whole  of  that  has  been  laid,  spiked,  fished  and  bolted 
in  11  working  hours,  and  the  road  to  the  end' of  the  track,  though 
needing  a  little  revision  in  places,  is  fit  for  travel  and  in  fair  con- 
dition. The  difficulty  of  doing  this  work  was  increased  by  the 
necessity  of  carrying  a  large  water-tank  car  with  every  one  of 
the  six  engines  employed.  It  was  still  increased  by  the  number 
of  curves,  which  required  the  bending  of  the  rails  in  many  places 
for  several  lengths,  which  had  to  be  done  on  the  ground  as  the  curves 
right  or  left  required.  The  feat  of  laying  over  7  miles  in  one 
stretch  was  once  done  by  the  Union  Pacific,  but  they  worked  from 
four  in  the  morning  until  after  midnight.  Therefore  it  could  not 
be  considered  an  honest  day's  work.  The  Central  men  would  have 
laid  14  miles,  and  finished  their  portion  of  the  great  Pacific  Eoad 
to-night,  had  the  grading  been  completed.  As  it  was,  the  men  were 
anxious  to  lay  12  miles,  but  there  were  not  ties  enough  within 
50  miles  of  the  spot." 


ON  NEW  EXPLOSIVE  POWDERS. 

Bt  M.  Desionolls. 

(abstract.) 

Many  improvements  having  lately  been  made  in  the  art  of  war, 
and  particularly  in  the  adoption  of  breech-loading  arms,  the  want 
has  been  felt  of  new  powders  to  meet  the  requirements  of  the  pre- 
sent artillery.   This  want  has  been  supplied  by  M.  DesignoUe,  who 
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has  invented  a  new  system  of  powders  of  which  carbazotate  or 
picrate  of  potash  is  the  base.  These  powders  are  of  four  kinds — 
viz.,  a  musket  powder,  gunpowder  for  short  bore  cannons,  slow 
gunpowder  for  cannons  with  long  bores,  and  an  explosive  powder 
for  torpedoes  and  projectiles  destined  for  the  undermining  of  forti- 
fications. The  principal  advantages  of  these  new  powders  are  the 
following : — Increase  of  balistic  power  without  increase  of  explosive 
power;  the  base  remaining  the  same,  possibility  of  regulating  and 
varying  the  effects  between  the  limits  of  one  to  ten ;  also  of  regu* 
lating,  at  will,  the  rapidity  of  combustion  of  this  powder,  and  of 
increasing  the  balistic  power  without  changing  the  mode  of  manu- 
facture. Other  advantages  are — regularity  in  the  manner  of  action  ; 
suppression  of  sulphur,  and  consequently  of  the  vapors  of  sulphide 
of  potassium  and  sulphuretted  hydrogen;  absence  of  action  on 
metals  and  almost  entire  suppression  of  smoke.  Into  the  explosive 
powders  only  two  components  enter — picrate  of  potash  and  nitrate 
of  potash ;  the  musket  and  gunpowders  contain  carbon  in  addition 
to  the  above-named  ingredients.  To  prepare  these  powders,  the 
ingredients  are  beaten  from  three  to  six  hours  with  a  proportion  of 
water  varying  from  6  to  14  per  cent.,  according  to  the  nature  of 
the  mixture ;  the  powder  is  condensed  by  means  of  the  hydraulic 
press,  with  a  pressure  of  from  30,000  to  100,000  kilos.,  graining  of 
the  powder,  and  pressing  and  drying  it  according  to  the  methods 
employed  for  the  black  powder.  In  order  to  increase  the  balistic 
power,  the  relative  proportion  of  picrate  of  potash  in  the  mixture 
must  be  increased.  For  musket  powder  it  has  ))een  proved  that 
not  more  than  20  per  cent,  of  picrate  of  potash  is  required,  while 
for  gunpowders  its  proportion  varies  from  8  to  16  per  cent.  This 
component  (picrate  of  potash)  is  of  a  beautiful  golden  yellow  color, 
and  crystallizes  in  prismatic  needles  possessing  a  brilliant  reflec- 
tion ;  it  is  insoluble  in  alcohol,  but  soluble  in  about  260  parts  of 
water  at  15  or  14  parts  of  boiling  water.  Heated  with  care  it  be- 
comes orange  red  at  a  temperature  of  300°,  but,  on  cooling,  it  as- 
sumes its  original  color.  Heated  to  310°,  it  detonates  with  violence. 
The  researches  of  M.  John  Casthellaz  on  the  action  of  nitric  acid 
on  phenic  acid  improved  the  method  of  manufacturing  picric  acid, 
and  produced  chemically  pure  picrate  of  potash  at  such  a  reason- 
able price  that  the  new  powders  are  not  more  expensive  than  ordi- 
nary black  powder. 
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MM.  Designolle  and  Casthellaz  give  the  following  proportions 
for  preparing  deflagrating  mixtures  with  colored  flames : 

^  , ,      «                                                      f  Picrate  of  ammonia.     50 
^^^^°  "'■^  {  Picrate  of  iron 60 

r*          a  f  Picrate  of  ammonia.     48 

Ureen  fire j  Nitrate  of  barytes....     62 

^^,  -  r  Picrate  of  ammonia.     64 

^®^  ^^^ \  Nitrate  of  strontian.     46 

— Bulletin  de  la  Societi  cC Encouragement  pour  V Industrie  Nationale, 


A  STEAM  PLOW. 


The  steam  plow  and  accompanying  apparatus,  imported  by  Col. 
Wm.  E.  Patterson  from  Leeds,  England,  was  put  in  operation  on 
Tuesday  last,  on  the  recent  purchase  of  that  gentleman  at  Atsion, 
New  Jersey. 

Colonel  Patterson's  large  tract  of  land  in  that  locality  is  to  be 
devoted  to  the  culture  of  sugar  beet.  As  the  soil  is  a  sandy  loam, 
closely  akin  to  that  in  which  the  French  have  been  so  successful  in 
sugar  beet  culture,  Colonel  Patterson  sees  no  reason  why  a  profit 
cannot  be  realized  in  this  country  in  the  same  direction. 

The  test  of  this  steam  plow  was  made  in  the  presence  of  a  con- 
siderable number  of  people,  including  General  Capron,  of  the  United 
States  Agricultural  Bureau  at  Washington.  This  gentleman,  hav- 
ing beaten  his  sword  into  a  ploughshare,  has  from  the  first  taken 
active  interest  in  the  subject  of  relieving  horses  from  this  arduous 
and  exhausting  labor.  Through  his  intervention  the  apparatus, 
which  cost  $18,000,  was  admitted  free  of  duty,  and  at  its  successful 
operation  on  Tuesday  no  one  evinced  a  higher  degree  of  satisfaction. 

The  machinery  is  by  no  means  complicated.  At  opposite  sides 
of  the  space  to  be  plowed  are  two  steam  engines  upon  wheels.  On 
the  trial  on  Tuesday  they  stood  three  hundred  yards  apart.  The 
plow  has  six  shares.  It  is  a  distinct  piece  of  mechanism,  and  is 
fiistened  to  a  steel  wire  cable  extending  between  the  two  locomo- 
tives across  the  ground  to  be  turned  over.  It  is  literally  a  shuttle 
cock  between  two  steam  battledores.  It  moves  at  the  speed  of  a 
hundred  yards  a  minute,  turning  six  furrows  a  foot  each  in  width, 
and  eight  inches  in  depth.  Its  average  work,  therefore,  is  twenty 
acres  per  day.     The  locomotives  are  snug  machines,  capable  of 
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being  applied  to  many  useful  purposes  independent  of  duty  as  steam 
plowers. 

A  man  rides  on  the  plow  as  it  crosses  the  soil.  General  Capron 
essayed  a  trip  or  two,  guiding  the  machine  like  an  expert  upon  a 
velocipede.  One  of  the  experts  who  mounted  it  just  after  him  had 
less  good  fortune.  One  of  the  diggers  struck  a  buried  boulder. 
When  an  irresistable  body  in  motion  strikes  against  an  immovable 
one  a  rumpus  must  be  the  result.  In  this  case  the  man  upon  the 
machine  was  slung  high  into  the  air.  The  concussion  broke  off 
two  of  the  teeth  of  the  digger,  but  as  a  new  one  immediately  re- 
placed it,  the  accident  was  a  matter  of  little  consequence. 

Of  this  large  track  of  ground  much  is  virgin  soil.  The  trunks 
of  many  cedars,  showing  slight  evidences  of  decay,  were  brought 
to  light  by  the  steam  plowshares.  These  were  crunched  up  by 
them  as  if  they  were  mere  touchwood.  The  soil  above  them  is 
largely  made  up  of  decayed  vegetable  matter,  and  in  the  opinion  of  all 
who  were  present,  the  sugar  beet  will  produce  in  it  enormous  crops. 
A  digging  machine  accompanies  the  plow,  intended  for  use  in  soils 
where  roots  and  stones  are  obstacles  to  the  course  of  the  plowshare. 
This  is  a  wonderful  apparatus.  It  so  triturates  the  stiffest  soil 
that  a  yankee  might  put  it  into  bladders  and  vend  it  as  a  substitute 
for  snuff. 

The  trial  was  witnessed,  among  others,  by  General  Fitz  John 
Porter,  Wm.  B.  Tatham,  General  Eobert  Patterson  and  family. 
Judge  Carpenter,  of  New  Jersey ;  Mr.  Landreth,  of  Philadelphia ; 
T.  C.  Peters,  of  New  York ;  B.  M.  Ehodes,  of  Baltimore ;  Mr. 
Harry  McCall,  and  a  strong  delegation  of  gentlemen  from  various 
parts  of  the  surrounding  country. 

The  machinery  is  the  work  of  Towles  &  Co.,  of  Leeds,  England. 
To  work  it  costs  extremely  little.  Anything  answers  as  fuel,  and 
at  the  rate  of  twenty  acres  a  day  a  large  estate  is  soon  put  under 
cultivation.  The  locomotives  are  then  ready  for  ordinary  duty  as 
steam  engines,  either  to  grind  or  thresh,  sew  or  mash. 


Improvement  in  the  Holtz  Machine.— Mr.  Joseph  Cresson, 
of  this  city,  has  found  Ihat  the  pieces  of  paper  usually  attached  as  in- 
ductors, may  be  replaced  with  great  advantage  by  figures  of  like 
shape  painted  on  the  glass  with  white  lead.  This  never  curls  up 
at  the  edge  and  is  more  easily  insulated. 
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THE  TOWER  SUBWAY. 

Amonst  the  many  great  improvements  now  going  on  in  London 
to  relieve  the  over-crowded  state  of  traffic,  and  for  opening  up  new 
means  of  communication,  the  Tower  Subway  is  one  which  deserves 
especial  notice,  as  forming  an  easy  and  safe  connection  between  the 
two  densely-populated  districts  situated  north  and  south  of  the 
Thames,  between  London  Bridge  and  the  Thames  Tunnel.  This 
work  is  now  in  course  of  construction  under  the  bed  of  the  river, 
from  Tower  Hill  to  Tooley  Street,  and  consists  of  a  tunnel  less 
than  a  quarter  of  a  mile  in  length,  access  being  gained  to  it  by  a 
shaft  at  each  end.  The  depth  of  these  shafts  will  be  52  feet  and  60 
feet  respectively,  in  which  it  is  proposed  to  have  plumb  lifts  for 
the  transit  of  passengers,  parcels,  etc.,  to  and  from  the  subway, 
through  which  an  omnibus  running  on  steel  rails  is  propelled,  both 
being  worked  by  steam  power.  In  driving  the  subway,  which  will 
be  about  22  feet  below  the  bed  of  the  river,  a  wrought  iron  shield 
will  be  employed  overlapping  the  tunnel,  provided  with  doors  in 
the  front,  through  which  workmen  can  drive  the  heading,  but  which 
can  be  immediately  closed  on  any  appearance  of  water,  and  so  ren- 
der all  water-tight ;  this  shield  will  be  propelled  by  powerful  screws, 
and  as  it  progresses,  the  tunnel  segments  will  be  inserted.  The 
whole  of  the  work  is  under  the  superintendence  of  Mr.  Peter  W. 
Barlow,  Jr.,  C.  E.,  the  engineer;  the  contractor  being  Mr.  J.  H. 
Greathead,  under  whose  superintendence  the  shafts  are  now  being 
sunk  by  Mr.  Thomas  Tilley,  of  2  Bond  Court,  Walbrook,  London, 
the  well  known  artesian  well  engineer.  The  castings  for  these 
shafts  and  the  tunnel,  which  are  all  made  in  segmental  rings  firmly 
bolted  together,  as  also  the  manufacture  of  the  shield,  are  entrusted 
to  the  firm  of  Messrs.  Bells,  Goodman  &  Co.,  of  the  Walker  Engine 
Works  and  Foundry,  Newcastle-upon-Tyne,  and  25  Walbrook,  Lon- 
don. The  Tower  Subway  was  commenced  on  the  16th  of  last  Feb- 
ruary, and  as  the  shaft  for  the  Middlesex  side  is  already  sunk  to 
the  depth  of  60  feet,  and  the  remainder  of  the  work  well  advanced, 
we  are  informed  that  it  is  expected  to  be  opened  to  the  public  be- 
fore the  commencement  of  the  year  1870. — Mec,  Mag. 
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ON  THE  BLUE  COLOR  OF  THE  SKY,  THE  POLARIZATION  OF  SKY- 
LIGHT, AND  POLARIZATION  OF  LIGHT  BY  CLOUDY  MAHER 
GENERALLY. 

By  John  Ttndall,  L.L.D.,  F.R.S. 

Since  the  communication  of  my  brief  abstract  "  On  a  new  Series 
of  Chemical  Beactions  produced  by  Light,"  the  experiments  upon 
this  subject  have  been  continued,  and  the  number  of  the  substances 
thus  acted  on  considerably  augmented.  New  relations  have  also 
been  established  between  mixed  vapors  when  subjected  to  the  action 
of  light. 

I  now  beg  to  draw  the  attention  of  the  Eoyal  Society  to  two 
questions  glanced  at  incidentally  in  the  abstract  referred  to — the 
blue  color  of  the  sky,  and  the  polarization  of  skylight.  Eeserving 
the  historic  treatment  of  the  subject  for  a  more  fitting  occasion,  I 
would  merely  mention  now  that  these  questions  constitute,  in  the 
opinion  of  our  most  eminent  authorities,  the  two  great  standing 
enigmas  of  meteorology.  Indeed  it  was  the  interest  manifested  in 
them  by  Sir  John  Herschel,  in  a  letter  of  singular  speculative 
power,  that  caused  me  to  enter  upon  the  consideration  of  these 
questions  so  soon. 

The  apparatus  with  which  I  work  consists,  as  already  stated  to 
the  Society,  of  a  glass  tube  about  a  yard  in  length,  and  from  two 
and  a  half  to  three  inches  internal  diameter.  The  vapor  to  be  ex- 
amined is  introduced  into  this  tube  in  the  manner  described  in  my 
last  abstract,  and  upon  it  the  condensed  beam  of  the  electric  lamp 
is  permitted  to  act  until  the  neutrality  or  the  activity  of  the  sub- 
stance has  been  declared. 

It  has  hitherto  been  my  aim  to  render  the  chemical  action  of  light 
upon  vapors  visible.  For  this  purpose  substances  have  been  chosen, 
one  at  least  of  whose  products  of  decomposition  under  light  shall 
have  a  boiling-point  so  high  that  as  soon  as  the  substance  is  formed 
it  shall  be  precipitated.  By  graduating  the  quantity  of  the  vapor, 
this  precipitation  may  be  rendered  of  any  degree  of  fineness,  form- 
ing particles  distinguishable  by  the  naked  eye,  or  particles  which 
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■are  probably  far  beyond  the  reach  of  our  highest  microscopic 
powers. 

I  have  no  reason  to  doubt  that  particles  may  be  thus  obtained 
whose  diameters  constitute  but  a  very  small  fraction  of  the  length 
of  a  wave  of  violet  light. 

In  all  cases  when  the  vapors  of  the  liquids  employed  are  suffi- 
ciently attenuated,  no  matter  what  the  liquid  may  be,  the  visible 
action  commences  with  the  formation  of  a  blv^  cloud,  I  would 
guard  myself  at  the  outset  against  all  misconception  as  to  the  use 
of  this  term.  The  blue  cloud  to  which  I  here  refer  is  totally  in- 
visible in  ordinary  daylight.  To«  be  seen,  it  requires  to  be  sur- 
rounded by  darkness,  it  only  being  illuminated  by  a  powerful  beam 
of  light.  This  blue  cloud  differs  in  many  important  particulars 
from  the  finest  ordinary  clouds,  and  might  justly  have  assigned  to 
it  an  intermediate  position  between  these  clouds  and  true  cloudless 
Tapor. 

With  this  explanation,  the  term  "  cloud,"  or  "  incipient  cloud," 
as  I  propose  to  employ  it,  cannot,  I  think,  be  misunderstood. 

I  had  been  endeavoring  to  decompose  carbonic  acid  gas  by  light. 
A  faint  bluish  cloud,  due  it  may  be,  or  it  may  not  be,  to  the  residue 
of  some  vapor  previously  employed,  was  formed  in  the  experimental 
tube.  On  looking  across  this  cloud  through  a  Nicol's  prism,  the 
line  of  vision  being  horizontal,  it  was  foimd  that  when  the  short 
diagonal  of  the  prism  was  vertical,  the  quantity  of  light  reaching 
the  eye  was  greater  than  when  the  long  diagonal  was  vertical. 

When  a  plate  of  tourmaline  was  held  between  the  eye  and  the 
bluish  cloud,  the  quantity  of  light  reaching  the  eye  when  the  axis 
of  the  prism  was  perpendicular  to  the  axis  of  the  illuminating  beam, 
was  greater  than  when  the  axes  of  the  crystal  and  of  the  beam  were 
parallel  to  each  other. 

This  was  the  result  all  round  the  experimental  tube.  Causing 
the  crystal  of  tourmaline  to  revolve  round  the  tube,  with  its  axis 
perpendicular  to  the  illuminating  beam,  the  quantity  of  light  that 
reached  the  eye  was  in  all  its  positions  a  maximum.  When  the 
crystallographic  axis  was  parallel  to  the  axis  of  the  beam,  the 
quantity  of  light  transmitted  by  the  crystal  was  a  minimum. 

Prom  the  illuminated  bluish  cloud,  therefore,  polarized  light  was 
discharged,  the  direction  of  maximum  polarization  being  at  right 
angles   to  the  illuminating  beam;  the  plane  of  vibration  of  the 
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polarized  ligtt)  tnoreover,  was  that  to  which  the  beam  was  per- 
pendicular** 

Thin  plates  of  selenite  or  of  quartz,  placed  between  the  Nicol  and 
the  bluish  cloud,  displayed  the  colors  of  polarized  light,  these  colors 
being  most  vivid  when  the  line  of  vision  was  at  right  angles  to  the 
experimental  tube.  The  plate  of  selenite  usually  employed  was  a 
circle,  thinnest  at  the  centre,  and  augmenting  uniformly  in  thick- 
ness from  the  centre  outwards.  When  placed  in  its  proper  position 
between  the  Nicol  and  the  cloud,  it  exhibited  a  system  of  splendidly 
colored  rings. 

The  cloud  here  referred  to  was  the  first  operated  upon  in  the 
manner  described.  It  may,  however,  be  greatly  improved  upon 
by  the  choice  of  proper  substances,  and  by  the  application  in  proper 
quantities  of  the  substances  chosen.  Benzol,  bisulphide  of  carbon, 
nitrite  of  amyl,  nitrite  of  butyl,  iodide  of  allyl,  iodide  of  isopropyl, 
and  many  other  substances  may  be  employed.  I  will  take  the  nitrite 
of  butyl  as  illustrative  of  the  means  adopted  to  secure  the  best  result 
with  reference  to  the  present  question. 

And  here  it  may  be  mentioned  that  a  vapor,  which  when  alone, 
or  mixed  with  air  in  the  experimental  tube,  resists  the  action  of 
light,  or  shows  but  a  feeble  result  of  this  action,  may,  by  placing 
it  in  proximity  with  another  gas  or  vapor,  be  caused  to  exhibit 
under  light  vigorous,  if  not  violent,  action.  The  case  is  siiliilar  to 
that  of  carbonic  acid  gas,  which  diffused  in  the  atmosphere  resists 
the  decomposing  action  of  solar  light,  but  when  placed  in  conti- 
guity with  the  chlorophyl  in  the  leaves  of  plants,  has  its  molecules 
shaken  asunder. 

Dry  air  was  permitted  to  bubble  through  the  liquid  nitrite  of 
butyl  until  the  experimental  tube,  which  had  been  previously  ex- 
hausted, was  filled  with  the  mixed  air  and  vapor.  The  visible  action 
of  light  upon  the  mixture  after  fifteen  minutes'  exposure  was  slight. 
The  tube  was  afterwards  filled  with  half  an  atmosphere  of  the  mixed 
air  and  vapor,  and  another  half  atmosphere  of  air  which  had  been 
permitted  to  bubble  through  fresh  commercial  hydrochloric  acid. 
On  sending  the  beam  through  this  mixture,  the  action  paused  barely 
sufficiently  long  to  show  that  at  the  moment  of  commencement  the 

*  I  aasume  here  that  the  plane  of  vibration  is  perpendicular  to  the  plane  of  polari- 
sation. This  is  still  an  undecided  point ;  but  the  probabilities  are  so  much  in  its 
favor,  and  it  is  in  my  opinion  so  much  preferable  to  have  a  physical  image  on 
which  the  mind  can  rest,  that  I  do  not  hesitate  to  employ  the  phraseology  in  the 
text.  Even  should  the  assumption  prove  to  be  incorrect,  no  barm  will  be  done  by 
^e  provisional  use  of  it. 
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tube  was  optically  empty.  But  the  pause  amounted  only  to  a  small 
fraction  of  a  second,  a  dense  cloud  being  immediately  precipitated 
upon  the  beam  which  traversed  the  mixture. 

This  cloud  began  blue,  but  the  advance  to  whiteness  was  so  rapid 
as  almost  to  justify  the  application  of  the  term  instantaneous.  The 
dense  cloud,  looked  at  perpendicularly  to  its  axis,  showed  scarcely 
any  signs  of  polarization.  Looked  at  obliquely,  the  polarization 
was  strong. 

The  experimental  tube  being  again  cleansed  and  exhausted,  the 
mixed  air  and  nitrite  of  butyl  vapor  was  permitted  to  enter  it  until 
the  associated  mercury  column  was  depressed  one-tenth  of  an  inch. 
In  other  words,  the  air  and  vapor,  united,  exercised  a  pressure  not 
exceeding  3  J ^th  of  an  atmosphere.  -Air  passed  through  a  solution 
of  hydrochloric  acid  was  then  added  till  the  mercury  column  was 
depressed  three  inches.  The  condensed  beam  of  the  electric  light 
passed  for  some  time  in  darkness  through  this  mixture.  There  was 
absolutely  nothing  within  the  tube  competent  to  scatter  the  light. 
Soon,  however,  a  superbly  blue  cloud  was  formed  along  the  track 
of  the  beam,  and  it  continued  blue  sufficiently  long  to  permit  of  its 
thorough  examination.  The  light  discharged  from  the  cloud  at 
right  angles  to  its  own  length  was  perfectly  polarized.  By  degrees 
the  cloud  became  of  whitish  blue,  and  for  a  time  the  selenite  colors 
obtained  by  looking  at  it  normally  were  exceedingly  brilliant.  The 
direction  of  maximum  polarization  was  distinctly  at  right  angles  to 
the  illuminating  beam.  This  continued  to  be  the  case  so  long  as 
the  cloud  maintained  a  decided  blue  color,  and  even  for  some  time 
after  the  pure  blue  had  changed  to  whitish  blue.  But  as  the  light 
continued  to  act  the  cloud  became  coarser  and  whiter,  particularly 
at  its  centre,  where  it  at  length  ceased  to  discharge  polarized  light 
in  the  direction  of  the  perpendicular,  while  it  continued  to  do  so  at 
both  its  ends. 

But  the  cloud  which  had  thus  ceased  to  polarize  the  light  emitted 
normally,  showed  vivid  selenite  colors  when  looked  at  ohliquely. 
The  direction  of  maximum  polarization  changed  with  the  texture  of 
the  cloud.   This  point  shall  receive  further  illustration  subsequently. 

A  blue,  equally  rich  and  more  durable,  was  obtained  by  employ- 
ing the  nitrite  of  butyl  vapor  in  a  still  more  attenuated  condition- 
Now  the  instance  here  cited  is  representative.  In  all  cases,  and  with 
all  substances,  the  cloud  formed  at  the  commencement,  when  the 
precipitated  particles  are  sufficiently  fine,  is  blue,  and  it  can  be  made 
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to  display  a  color  rivalling  that  of  the  purest  Italian  sky.  In  all 
cases,  moreover,  this  fine  blue  cloud  polarizes  perfectly  the  beam 
which  illuminates  it,  the  direction  of  polarization  enclosing  an  angle 
of  90°  with  the  axis  of  the  illuminating  beam. 

It  is  exceedingly  interesting  to  observe  both  the  perfection  and 
the  decay  of  this  polarization.  For  ten  or  fifteen  minutes  after  its 
first  appearance,  the  light  from  a  vividly  illuminated  incipient  cloud, 
looked  at  horizontally,  is  absolutely  quenched  by  a  NicoPs  prism 
with  its  longer  diagonal  vertical.  But  as  the  sky-blue  is  gradually 
rendered  impure  by  the  introduction  of  particles  of  too  large  a  size, 
in  other  words,  as  real  clouds  begin  to  be  formed,  the  polarization 
begins  to  deteriorate,  a  portion  q£  the  light  passing  through  the 
prism  in  all  its  positions.  It  is  worthy  of  note  that  for  some  time, 
after  the  cessation  of  perfect  polarization  the  residual  light  which 
passes,  when  the  Nicol  is  in  its  position  of  minimum  transmission, 
is  of  a  gorgeous  blue,  the  whiter  light  of  the  cloud  being  extin- 
guished.* When  the  cloud  texture  has  become  sufficiently  coarse 
to  approximate  to  that  of  ordinary  clouds,  the  rotation  of  the  Nicol 
ceases  to  have  any  sensible  efiect  on  the  quality  of  the  light  dis- 
charged normally. 

The  perfection  of  the  polarization  in  a  direction  perpendicular  to 
the  illuminating  beam  is  also  illustrated  by  the  following  experi- 
ment. A  Nicol's  prism  large  enough  to  embrace  the  entire  beam 
of  the  electric  lamp  was  placed  between  the  lamp  and  the  experi- 
mental tube.  A  few  bubbles  of  air,  carried  through  the  liquid 
nitrite  of  butyl,  were  introduced  into  the  tube,  and  they  were  fol- 
lowed by  about  three  inches  (measured  by  the  mercurial  gauge)  of 
air  which  had  been  passed  through  aqueous  hydrochloric  acid. 
Sending  the  polarized  beam  through  the  tube,  I  placed  myself  in 
front  of  it,  my  eye  being  on  a  level  with  its  axis,  my  assistant  Mr. 
Cottrell  occupying  a  similar  position  behind  the  tube.  The  short 
diagonal  of  the  large  Nicol  was  in  the  first  instance  vertical,  the 
plane  of  vibration  of  the  emergent  beam  being  therefore  also  verti- 
cal. As  the  light  continued  to  act,  a  superb  blue  cloud,  visible  to 
both  my  assistant  and  myself,  was  slowly  formed.  But  this  cloud, 
so  deep  and  rich  when  looked  at  from  the  positions  mentioned, 
utterly  disappeared  when  looked  at  vertically  downwards,  or  vertically 
upwards.    Keflection  from  the  cloud  was  not   possible  in  these 

*  This  Boems  to  prove  that  particles  too  large  to  polarize  the  blue,  polarise  per- 
fectly light  of  lower  refrangibility. 
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directions.  When  the  large  Nicol  was  slowly  turned  round  its 
axis,  the  eye  of  the  observer  being  on  the  level  of  the  beam,  and 
the  line  of  vision  perpendicular  to  it,  entire  extinction  of  the  light 
emitted  horizontally  occurred  where  the  longer  diagonal  of  the 
large  Nicol  was  vertical.  But  now  a  vivid  blue  cloud  was  seen 
when  looked  at  downwards  or  upwards.  This  truly  fine  experiment 
was  first  definitely  suggested  by  a  remark  addressed  to  me  in  a 
letter  by  Prof.  Stokes. 

Now,  as  regards  the  polarization  of  skylight,  the  greatest  stum- 
bling block  has  hitherto  been  that,  in  accordance  with  the  law  of 
Brewster,  which  makes  the  index  of  refraction  the  tangent  of  the 
polarizing  angle,  the  reflection  which  produces  perfect  polarization 
would  require  to  be  made  in  air  upon  air  and  indeed  this  led  many  of 
our  most  eminent  men,  Brewster  himself  among  the  number,  to 
entertain  the  idea  of  molecular  reflection,  I  have,  however,  operated 
upon  substances  of  widely  different  refractive  indices,  and  therefore 
of  very  different  polarizing  angles  as  ordinarily  defined,  but  the 
polarization  of  the  beam  by  the  incipient  cloud  has  thus  far  proved 
itself  to  be  absolutely  independent  of  the  polarizing  angle.  The  law 
of  Brewster  does  not  apply  to  matter  in  this  condition,  and  it  rests 
with  the  undulatory  theory  to  explain  why.  Whenever  the  pre- 
cipitated particles  are  sufficiently  fine,  no  matter  what  the  substance 
forming  the  particles  may  be,  the  direction  of  maximum  polariza- 
tion is  at  right  angles  to  the  illuminating  beam,  the  polarizing  angle 
for  matter  in  this  condition  being  invariably  45°.  This  I  consider 
to  be  a  point  of  capital  importance  with  reference  to  the  present 
question.* 

That  water-particles,  if  they  could  be  obtained  in  this  exceedingly 
fine  state  of  division,  would  produce  the  same  effects,  does  not  admit 
of  reasonable  doubt.  And  that  they  must  exist  in  this  condition  in 
the  higher  regions  of  the  atmosphere  is,  I  think,  certain.     At  all 

♦  The  difficulty  referred  to  above  is  thus  expressed  by  Sir  John  Herschel  :— 
<*Tbe  cause  of  the  polarization  is  evidently  a  reflection  of  the  sun's  light  upon 
something.  The  question  is  on  what  ?  Were  the  angle  of  maximum  polarization 
76^,  we  should  look  to  water  or  ice  as  the  reflecting  body,  however  inconceivable 
the  existence  in  a  cloudless  atmosphere,  and  a  hot  summer's  day  of  unevaporated 
molecules  (particles  ?)  of  water.  But  though  we  were  once  of  this  opinion,  careful 
observation  has  satisfied  us  that  90^,  or  thereabouts,  is  a  correct  angle,  and  that 
therefore  whatever  be  the  body  on  which  the  light  has  been  reflected,  if  polarized 
by  a  eingle  reflection^  the  polarizing  angle  must  be  45°,  and  the  index  of  refraction, 
which  is  the  tangent  of  that  angle,  unity ;  in  other  words,  the  reflection  would 
require  to  be  made  in  air  upon  air  1"    (<  Meteorology,'  par.  283.) 
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events,  no  other  assumption  than  this  is  necessary  to  completely 
account  for  the  firmamental  blue  and  the  polarization  of  the  sky  * 
Suppose  our  atmosphere  surrounded  by  an  envelope  impervious 
to  light,  but  with  an  aperture  on  the  sunward  side  through  which 
a  parallel  beam  of  solar  light  could  enter  and  traverse  the  atmos- 
phere. Surrounded  on  all  sides  by  air  not  directly  illuminated,  the 
track  of  such  a  beam  through  the  air  would  resemble  that  of  the 
parallel  beam  of  the  electric  lamp  through  an  incipient  cloud.  The 
sunbeam  would  be  hlue^  and  it  would  discharge  laterally  light  in 
precisely  the  same  condition  as  that  discharged  by  the  incipient 
cloud.  In  fact  the  azure  revealed  by  such  a  beam  would  be  to  all 
intents  and  purposes  that  which  I  have  called  a  "  blue  cloud."t 

(To  be  continued.) 


THE  GREAT  INDUCTION  COIL 

One  of  the  greatest  scientific  wonders,  even  in  this  wonder-pro- 
ducing age,  is  unquestionably  the  great  induction  coil — or  inducto- 
rium,  as  the  German  physicists  term  it — at  the  Polytechnic  Insti- 
tution It  is  an  instrument  of  remarkable  power  and  capacity,  and 
possesses  the  highest  scientific  interest. 

The  machine  consists  of  an  ebonite  barrel,  9  feet  10  inches  in 
length,  supported  at  each  end  on  two  ebonite  pillars.  The  barrel 
was  made  at  the  Silvertown  Works,  and  is  the  largest  ever  turned 
out  there.  It  contains  the  compound  coil,  and  of  itself  weighs  477 
pounds,  the  whole  machine  weighing  15  cwt. 

*  Any  particles,  if  smaU  enough,  will  produce  both  the  color  and  the  polariza- 
tion of  the  sky.  But  is  the  existence  of  stpall  water-particles  on  a  hot  summer's 
day  in  the  higher  regions  of  our  atmosphere  inconceivable  ?  It  is  to  be  remem- 
bered that  the  oxygen  and  nitrogen  of  the  air  behave  as  a  vacuum  to  radiant  heat, 
the  exceedingly  attenuated  vapor  of  the  higher  atmosphere  being  therefore  in 
practical  contact  with  the  cold  of  space. 

f  The  opinion  of  Sir  John  Herschel,  connecting  the  polarization  and  the  blue 
color  of  the  sky  is  verified  by  the  foregoing  results.  <*  The  more  the  subject  (the 
polarization  of  skylight)  is  considered,"  writes  the  eminent  philosopher,  '*the  more 
it  will  be  found  beset  with  difficulties,  and  its  explanation  when  arrived  at  will 
probably  be  found  to  carry  with  it  that  of  the  blue  color  of  the  sky  itself,  and  of  the 
great  quantity  of  light  it  actually  does  send  down  to  us."  <*  We  may  observe,  too," 
he  adds,  *'  that  it  is  only  where  the  purity  of  the  sky  is  most  absolute  that  the  polari- 
zation is  developed  in  its  highest  degree,  and  that  where  there  is  the  slightest  per- 
ceptible tendency  to  cirrus  it  is  materially  impaired/'  This  applies  word  for  word 
to  the  '*  incipient  clouds." 
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The  primary  wire  is  of  copper  of  the  highest  conductivity  0-0925 
inches  diameter  (B.  W.  Q-.  No.  13),  and  3,770  yards  in  length ;  the 
number  of  revolutions  of  the  primary  wire  round  the  soft  iron  core 
is  6,000,  its  arrangement  being  three,  six,  and  twelve  strands.  The 
total  resistance  of  the  primary  coil  is  2*201400  British  Association 
units ;  and  the  resistances  of  the  primary  conductors  are  respec- 
tively, for  the  three  strands,  0-733800;  for  the  six,  0-366946;  for 
the  twelve,  0-1834725  B.  A.  units.  The  soft  iron  core  is  composed 
of  straight  wires  of  very  soft  iron,  each  wire  being  5  feet  in  length, 
anil  0-0625  inches  in  diameter.  The  diameter  of  the  bundle  of  core 
wires  is  four  inches,  and  their  weight  123  pounds.  The  secondary 
wire  is  150  miles  in  length,  0*015  inch  diameter,  (B.  W.  G.  No.  29), 
and  is  covered  with  silk.  The  total  weight  of  the  wire  is  606  pounds, 
and  its  electrical  resistance  83,560  B.  A,  units.  The  secondary 
coil  is  4  feet  2  inches  long,  and  the  insulation  is  calculated  for  safety 
at  95  per  cent,  beyond  absolute  requirement.  The  secondary  wire 
is  insulated  from  the  primary  by  an  ebonite  tube  8  feet  in  length, 
and  \  inch  in  thickness.  The  condenser  is  made  gf  sheets  of  var- 
nished paper  and  tinfoil,  arranged  in  six  parts,  each  containing  125 
feet  of  surface,  or  a  total  of  750  feet. 

The  machine  was  originally  tried  with  a  contact  breaker  detached 
from  the  great  coil,  and  having  an  independent  electro-magnet;  this 
worked  well  up  to  ten  Bunsen  cells  with  the  great  inductorium,  but 
when  the  battery  was  increased  to  thirty  or  forty  cells  it  became 
unmanageable.  A  Euhmkorff  break,  with  mercury  and  alcohol 
above  it,  was  substituted,  which  saved  the  points,  but  the  spirit 
was  now  and  then  violently  ejected  and  set  on  fire.  Professor  Pep- 
per then  proposed  a  modification,  which  has  proved  successful, 
remaining  in  perfect  working  order  during  a  series  of  experiments 
extending  over  eight  hours.  The  commutator  regulating  the  admis- 
sion of  the  battery  current  is  provided  with  a  locking  apparatus, 
and  the  whole  coil  is  most  carefully  and  effectually  insulated  from 
the  floor  and  surrounding  apparatus,  as  are  also  the  separate  por- 
tions of  the  apparatus  from  each  other.  The  battery  power  is  at 
present  supplied  by  forty  Bunsen  cells,  each  containing  a  pint  of 
nitric  acid.  It  is,  however,  intended  to  substitute  for  this,  a  Grove's 
battery  of  the  largest  size  ever  made,  and  which  is  in  course  of  con- 
struction. It  will  consist  of  pipe-clay  cells  2  feet  square  upon  the 
sides,  and  3  inches  wide,  with  walls  an  eighth  of  an  inch  thick. 

In  working  the  great  induction  coil,  the  sparks  obtained  from  it 
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with  five  Bunsen  cells,  are  12  inches  in  length ;  ten  cells  give  sparks 
14  inches  in  length ;  fifteen  cells  give  17J-inch  spark&;  twenty  cells 
give  21 -inch  sparks;  twenty-five  cells  give  23 -inch  sparks ;  thirty 
cells  give  23J-inch  sparks;  thirty-five  cells  give  26-inch  sparks; 
forty  cells  give  27J-inch  sparks ;  and  with  fifty  cells,  sparks  from 
28-inch  to  29-inch  in  length  were  obtained.  After  eight  hours 
working,  the  coil  gave,  with  fifty  cells,  a  spark  25  J  inches  in  length. 
It  was  also  found  that  of  the  proportions  of  the  condenser  used,  one- 
half  gave  the  longest  spark.  The  spark  is  not  such  as  is  generally 
produced  under  similar  circumstances,  but  is  a  thick  wire  of  light, 
surrounded  by  a  wide  waving  flame  2  inches  or  three  inches  thick, 
and  which  can  be  blown  aside  from  the  spark.  The  spectroscope 
gives  a  perfectly  continuous  spectrum,  like  the  light  of  day,  only 
that  it  is  barred  with  the  bright  lines  of  the  substances  in  combus- 
tion. The  flame  of  the  spark,  with  a  very  slight  blast  of  air,  rises 
to  at  least  12  inches  in  height  when  it  is  passing  about  the  same 
distance  horizontally. 

Besides  the  gigantic  Grove's  battery,  there  is  also  a  Leyden  bat- 
tery in  course  of  construction,  the  present  one  being  inadequate  to 
represent  the  full  power  of  the  coil.  The  first  part  of  this  battery, 
consisting  of  250  square  feet  of  coated  glass,  is  now  nearly  completed. 
There  is  also  a  very  large  and  elegant  arrangement  of  Gassiott's 
cascade  in  course  of  construction,  which  is  also  to  work  with  the 
great  induction  machine,  and  which  will  embody  several  important 
improvements  that  have  been  suggested  by  Mr.  Gassiott.  The  most 
recent  experiments  with  the  coil  have  shown  that  as  yet  no  limit  as 
to  the  quantity  of  eflfects  can  be  established,  and  it  is  exceedingly 
probable  that  by  a  very  few  minutes'  working,  the  large  coil  would 
charge  at  least  1,000  Leyden  jars  of  very  large  size. — Mec.  Mag. 


SPECTROSCOPIC  OBSERVATIONS  OF  THE  SUN. 

Bt  J.  Norman  Loceter. 

In  a  former  paper  the  author  stated  that  Dr.  Frankland  and  him- 
self had  searched  without  success  for  the  known  third  line  of  hydro- 
gen in  the  spectrum  of  the  chromosphere.  He  has  now  discovered 
that  the  position  of  the  third  line  is  at  2796  Kirchhoff  *s  scale. 
The  author  assumes  that  the  darkening  of  the  limb  is  due  to  the 
general  absorption  of  the  chromosphere,  and  therefore  it  follows : 
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1.  That  the  additional  selective  absorption  near  the  limb  is  ex- 
tremely probable. 

2.  That  the  hydrogen  Fraunhofer  lines  indicating  the  absorption 
of  the  outer  shell  of  the  chromosphere  will  vary  somewhat  in  thick- 
ness: this  he  found  to  be  the  case  to  a  certain  extent. 

3.  That  it  is  not  probable  that  the  prominences  will  be  visible  on 
the  sun's  disc. 

On  the  20th  of  February  a  spot  was  observed  in  which  the  gene- 
ral absorption  was  so  great  that  the  several  lines  could  only  be  dis- 
tinguished with  difficulty,  except  in  the  very  brightest  region,  which 
is  ascribed  to  the  greater  length  of  the  absorbing  medium  in  the 
spot  itself  in  the  line  of  sight  when  the  spot  is  observed  near  the 
limit  instead  of  the  centre  of  the  disc. 

Mr.  Lockyer  has  succeeded  in  adding  magnesium  and  barium  to 
the  material  (sodium)  to  which  he  referred  in  paper  No.  1  (published 
in  1866).  He  no  longer  regards  a  spot  simply  as  a  cavity,  but  as  a 
place  in  which  principally  the  vapors  of  sodium,  barium  and  mag- 
nesium occupy  a  lower  position  than  they  do  ordinarily  in  the  pho- 
tosphere.   It  therefore  follows : 

1.  The  lines  of  sodium,  magnesium  and  barium,  when  observed 
in  a  spot,  are  thicker  than  their  usual  Fraunhofer  lines. 

2.  The  lines  of  sodium,  magnesium  and  barium,  when  observed 
in  the  chromosphere,  are  thinner  than  their  usual  Fraunhofer  lines. 

These  facts  give  additional  evidence  that  a  spot  is  the  seat  of  a 
downrush — a  downrush  to  a  region,  as  we  now  know,  where  the 
selective  absorption  of  the  upper  strata  is  diflferent  from  what  it 
would  be,  and  indeed  is  elsewhere  at  a  higher  level. 

The  author  thinks  there  are  two  causes  for  the  darkening  of  a 
spot,  viz : 

1.  The  general  absorption  of  the  chromosphere  thicker  here  than 
elsewhere,  as  the  spot  is  a  cavity. 

2.  The  greater  selective  absorption  of  the  lower  sodium,  barium, 
magnesium  stratum,  as  the  surface  of  its  last  layer  is  below  the  or- 
dinary level. 

Mr.  Lockyer  is  waiting  to  make  observations  with  the  large  Sten- 
heil  spectroscope  to  finally  test  the  accuracy  of  the  valuable  sug- 
gestion of  Messrs.  De  la  Eue,  Stewart  and  Loewy,  in  their  **  Re- 
searches on  Solar  Physics,"  that  if  the  photosphere  of  the  sun  be 
the  plane  of  condensation  of  gaseous  matter,  the  plane  may  be  found 
to  be  subject  to  periodical  elevations  and  depressions,  and  that  at 
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the  epoch  of  minimum  sun-spot  frequency  the  plane  might  be  up- 
lifted very  high  in  the  solar  atmosphere,  so  that  there  is  compara- 
tively little  cold  absorbing  atmosphere  above  it,  and  therefore  great 
difl&culty  in  forming  a  spot. 

With  a  rapidly  oscillating  slit  the  author  was  not  satisfied  with 
his  results,  but  on  hearing  that  Mr.  Huggins  had  succeeded  in  see- 
ing the  form  of  the  solar  protuberances,  by  using  absorbing  media 
and  a  wide  slit,  he  was  led  to  try  the  wide  slit  without  the  absorp- 
tive media,  and  in  the  following  words  he  describes  the  results  : — 
"  The  solar  and  atmospheric  spectra  being  hidden,  and  the  wide 
image  of  the  slit  alone  being  visible,  the  telescope  or  slit  is  moved 
slowly,  and  the  strange  shadow-forms  flit  past.  Here  one  is  reminded 
by  the  fleecy,  infinitely  delicate  cloud-films  of  an  English  hedge- 
row with  luxuriant  elms ;  here  of  a  densely  intertwined  tropical 
forest,  the  intimately  interwoven  branches  threading  in  all  direc- 
tions, the  prominences  generally  expanding  as  they  mount  upwards, 
and  changing  slowly,  almost,  indeed,  imperceptibly.  By  this  method 
the  smallest  details  of  the  promin  ences  and  of  the  chromosphere 
itself  are  rendered  perfectly  visible  and  easy  of  observation." 

In  an  addendum  dated  March  17th,  the  author  states  that  more 
favorable  weather  had  enabled  him  to  continue  his  researches  in 
reference  to  his  method  for  viewing  the  prominences  and  to  view 
the  injection  of  sodium,  magnesium,  &c.,  into  the  chromosphere. 
He  thinks  that  in  time  it  will  be  possible  to  see  the  prominences 
as  they  really  are  seen  in  an  eclipse  by  constructing  a  rapidly  re- 
volving wheel  with  red,  green  and  violet  glass  of  the  required  ab- 
sorptions, in  which  the  percentages  of  light  of  each  color  may  be 
regulated.  On  the  14th  of  March,  with  a  tangential  slit,  a  fine 
dense  prominence  near  the  sun's  equator  on  the  eastern  limb  was 
observed. —  Chem,  News. 


ON  THE  LIGHTNING  SPECTRUM. 

By  Lisut.  John  Herschil,  B.  £. 

I  have  had  two  or  three  opportunities  of  seeing  this  spectrum  to 
advantage  of  late.  The  storms  at  the  period  of  setting  in  of  the 
south-west  monsoon  here  are  very  frequent,  and  supply  for  a  time 
almost  incessant  flashes,  many  of  which  are  of  course  very  bril- 
liant.   The  first  time  I  examined  the  light  in  the  spectroscope  I 
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had  no  idea  of  measuring,  but  was  content  to  realize  the  principal 
facts  of  a  continuous  spectrum  crossed  by  bright  lines;  but  subse- 
quently I  made  several  attempts  (with  some  success)  to  obtain  mea- 
sures. That  I  was  unable  to  do  more  in  this  line  is  due  partly  to 
the  difficulty  of  utilizing  the  short-lived  appearance,  partly  to  that 
fascination  of  waiting  for  "one  more"  bright  flash  to  verify  the  in- 
tersection, which  can  only  be  thoroughly  appreciated  by  the  aid  of 
a  similar  experience. 

The  principal  features  of  the  spectrum  are  a  more  or  less  bright 
continuous  spectrum  crossed  by  numerous  bright  lines,  so  numer- 
ous indeed  as  to  perplex  one  as  to  their  identity.  This  perplexity 
is  increased  by  the  constantly  changing  appearance  due  to  a  vari- 
able illuminating  power.  This  variable  character  of  the  appearances 
is  unquestionably  the  peculiar  feature  of  the  spectrum.  It  is  not 
that  the  whole  spectrum  varies  in  brightness  in  the  same  degree, 
but  that  the  relative  intensities  are  variable,  not  only  among  the 
various  lines,  but  between  these  and  the  continuous  spectrum.  The 
latter  is  sometimes  very  brilliant ;  and  when  that  is  the  case,  the 
red  portion  is  very  striking,  though  in  general  the  spectrum  seems 
to  end  abruptly  at  D  -f  0-84  (E  -  D  + 1-88,  KirchhoflF's  120-7  =  D 
-f  0-55.) 

There  is  one  principal  line  which  I  found  equal  to  D  +  2'20  as 
the  result  of  five  independent  measures.  The  probable  error  of 
this  value  is  about  +  "02.  The  general  mean  of  all  my  measures 
of  the  principal  nebular  line  (obtained  from  twelve  different  nebulae) 
is  2-18,  with  a  probable  error  of  about  + '02.  I  have  therefore  very 
little  doubt  that  these  are  the  same,  viz. :  the  nitrogen  line  identi- 
fied in  the  case  of  nebulsB  of  Mr.  Huggins.  This  line  in  the  light- 
ning spectrum  is  narrow  and  sharply  defined,  and  i3  conspicuously 
the  brightest,  except  as  noted  below. 

The  next  in  prominence  is  situated  about  D  +  8'58  (F  =  D  + 
2-78,  Kirchhoff's  232-5  =  D  +  8-50).  It  is  broader  and  less  vivid, 
and  not  so  well  defined  at  the  edges. 

There  are  several  other  conspicuous  lines,  but  none  comparable 
to  the  first.  I  noticed  a  sharp  line  in  the  red,  but  did  not  get  a 
measure. 

I  said  that  at  D  -f  0*34:  the  continuous  spectrum  ends  abruptly. 
A  feint  continuation  is,  however,  seen  frequently  in  bright  flashes, 
very  bright  ones  bringing  out  a  brilliant  red  end  crossed,  by  a 
bright  line. 
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The  whole  of  the  ordinary  spectrum  seems  green  and  blue,  Ot 
rather  greenish  blue ;  but  as  the  usual  prismatic  order  of  colors  is 
recognizable  in  bright  flashes,  it  is  to  be  inferred  that  the  region 
from  E  to  F  is  so  much  brighter  as  to  give  the  character  in  ques- 
tion. What  strikes  one  most,  however,  is  the  varying  relative 
brightness  of  the  continuous  and  linear  spectra;  sometimes  the 
lines  are  scarcely  seen,  and  sometimes  very  little  else  is  seen.  This 
may  be  nothing  more  than  an  illusion ;  but  in  the  absence  of  any 
certainty  that  it  is  so,  the  impression  left  on  the  mind  is  worth  re- 
cording. 

The  diflSculty  of  discriminating  between  the  many  less  prominent 
lines  is  immensely  increased  by  the  momentary  character  of  the 
phenomenon.  Before  the  mind  has  selected  an  individual,  the 
feeble  impression  on  the  retina  has  vanished ;  and  before  another 
flash  succeeds,  the  memory  of  the  half-formed  choice  has  vanished 
with  it,  and  there  is  nothing  on  which  to  found  a  selection.  Other- 
wise it  would  be  easy  enough  to  measure  many  more  lines. 


ON  SOME  OPTICAL  PHENOMENA  OF  OPALS. 

By  William  Crookss,  F.B.S.,  &c. 

By  means  of  the  spectrum  microscope  (described  Vol.  LIV.,  page 
335  of  this  Journal),  some  curious  optical  phenomena  of  opals  have 
been  observed. 

If  an  opal  which  emits  a  fine  broad  crimson  light  is  held  in  front 
of  the  slit  of  a  spectroscope,  or  spectrum  microscope,  at  the  proper 
angle,  the  light  is  generally  seen  to  be  purely  homogeneous,  and 
all  that  is  visible  is  a  brilliant  luminous  line,  varying  somewhat  in 
width,  and  more  or  less  irregular  in  outline,  but  very  sharp,  and 
shining  brightly  on  a  perfectly  black  ground.  If  a  source  of  light 
is  now  moved  so  as  to  shine  into  the  spectrum  apparatus  through 
the  opal,  the  above  appearance  is  reversed,  and  we  have  a  luminous 
spectrum  with  a  jet-black  absorption  band  in  the  red,  identical  in 
position,  form  of  outline  and  sharpness,  with  the  luminous  line 
previously  observed. 

From  these  and  other  experiments,  it  has  been  found  that  those 
parts  of  the  opal  which  emit  red,  yellow,  green  or  blue  light,  are 
opaque  to  light  of  the  same  refrangibility  which  they  emit.  This 
is  doubtless  a  general  law,  following  of  necessity  the  mode  of  pro- 
duction of  the  flashes  of  color. 
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From  the  description  of  the  absorption  phenomena  of  a  series  of 
opals,  the  following  are  selected  as  the  most  striking : — 

No.  1  shows  a  single  black  band  in  the  red.  When  properly  in 
focus,  this  has  a  spiral  structure.  Examined  with  both  eyes,  it 
appears  in  decided  relief,  and  the  arrangement  of  light  and  shade  is 
such  as  to  produce  a  resemblance  to  a  twisted  column. 

No.  2  gives  an  irregular  line  in  the  orange.  Viewed  binocu- 
larly,  this  exhibits  the  spiral  structure  in  a  marked  manner,  the 
diflFerent  depths  and  distances  standing  well  out ;  upon  turning  the 
milled  head  of  the  stage  adjustment  so  as  to  carry  the  opal  slowly 
from  left  to  right,  the  line  is  seen  to  revolve  and  roll  over,  altering 
its  shape  and  its  position  in  the  spectrum.  It  is  not  easy  to  retain 
the  conviction  that  one  is  looking  merely  at  an  absorption  band  in 
the  spectrum,  and  not  at  a  solid  body  possessing  dimensions  and  in 
actual  motion. 

No.  9  shows  a  very  sharp  and  black  band  stretching  diagonally 
across  the  green,  touching  the  blue  at  the  top,  and  the  yellow  at 
the  bottom. 

No.  12  gives  a  narrow,  straight,  and  sharply-cut  line  in  the 
green;  this  might  easily  be  mistaken  for  an  absorption  band  caused 
by  an  unknown  chemical  element. 

Other  opals  show  an  absorption  band  traveling  along  the  spec- 
trum, almost  from  one  end  to  the  other,  as  the  opal  is  moved  side- 
ways. All  these  black  bands  can  be  reversed,  and  changed  into 
luminous  bands,  by  examining  the  opal  with  reflected  light. 


ON  THE  LOWERING  OF  TEMPERATURE  DUE  TO  THE  SOLUTION 
OF  SALTS  IN  WATER. 

The  decrease  of  temperature  will  be  the  greater  the  larger  the 
quantity  of  any  salt  which  water  takes  up  at  a  certain  given  tem- 
perature. Since,  however,  water  at  a  certain  temperature  only  dis- 
solves a  definite  quantity  of  any  salt,  the  maximum  decrease  of 
temperature  will  be  about  that  at  which,  under  given  circumstances, 
a  fully  saturated  solution  is  produced.  When,  therefore,  the  salt 
and  the  water  are  applied  in  the  proportion  where  from  a  saturated 
solution  results,  a  long  period  of  time  elapses  before  the  last  por- 
tions of  the  salt  are  entirely  dissolved,  and  the  effect  of  the  warm 
ambient  air  to  some  extent  vitiates  the  proper  results  of  the  experi- 
ments ;   the  saturated  solution  should  therefore  be  obtained  as 
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rapidly  as  possible.  The  experiments  were  conducted  in  the  fol- 
lowing manner: — The  finely-powdered  salt  and  the  requisite  quan- 
tities of  water  were,  previous  to  the  making  of  the  experiments, 
each  put  in  separate  beakers  made  of  very  thin  glass,  and  placed, 
for  from  12  to  18  hours,  in  a  room  wherein  the  temperature  could 
be  kept  as  nearly  as  possible  constant;  in  consequence  of  this  the 
beakers  and  contents  attained  the  same  temperature  throughout. 
The  mixing  was  effected  by  pouring  the  water  on  to  the  salt,  and 
stirring  up  with  a  very  delicate  and  highly  sensitive  thermometer; 
the  maximum  decrease  of  temperature  took  place  within  a  minute 
after  the  mixing  of  the  salt  and  water  was  made.  The  results  of 
the  experiments  are  exhibited  in  the  following  tabulated  form,  re- 
cording the  average  of  a  series  of  several  experiments  with  one  and 
the  same  substance,  which  were  concordant  within  0*2°: — 


Crystallized  alum 

Chloride  of  Bodi am 

Sulphate  of  potassa 

Crystallized  phosphate  of  soda 

Sulphate  of  ammonia 

Sulphate  of  soda  (crystals) 

Sulphate  of  magnesia  (crystals) 

Carbonate  of  soda  (crystals) 

Nitrate  of  potassa 

Chloride  of  potassium 

Carbonate  of  ammonia 

Acetate  of  soda  (crystals) 

Chloride  of  ammonium 

Nitrate  of  soda 

Hyposulphite  of  soda  (crystals) , 

Iodide  of  potassium 

Chloride  of  calcium  (crystallized)... 

Nitrate  of  ammonia , 

Sulphocyanide  of  ammonium 

Sulphocyanide  of  potassium 


si 


0)  «i^ 


10-0 

86-8 

9-9 

90 

72-8 

16-8 

80-0 

800 

15-5 

28-6 

26-0 

80-0 

282 

69-0 

98  0 

120-0 

2000 

660 

106  0 

1800 


14 

86 

12 

14 

76 

20 

85 

40 

16 

80 

80 

85 

80 

75 

110 

140 

260 

60 

188 

160 


The  temperature 
falU 


From 
*>C. 


+10-8 
12-6 
14-7 
10-8 
18-2 
12  6 
111 
10-7 
13-2 
18-2 
16-3 
10-7 
13-3 
18-2 
10-7 
10-8 
10-8 
18-6 
18-2 
10-8 


To 
*>C. 


+  9-4 
H-101 
-fll-7 

+  71 
+  6-8 
+  6-7 
+  3  1 
+  1-6 
-f  80 
-I-  0-6 
+  8-2 

—  4-7 

—  61 

—  6-8 

—  8  0 
—11-7 
—12-4 
—18-6 
—180 
—28-7 


Number 

of 
Degrees. 


1-4 

2-5 

80 

8  7 

64 

6-8 

80 

9-1 

10-2 

12-6 

121 

1&-4 

18-4 

186 

18-7 

226 

28*2 

27-2 

81-2 

84-6 
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* 
The  quantity  of  water  applied  varied  between  250  and  500 
grammes,  and  the  quantity  of  salt  used  corresponded  therewith. 
The  decrease  of  temperature  obtainable  in  this  manner  can  never 
fall  below  the  freezing  point  of  the  saline  solution  in  question,  but 
can  very  nearly  reach  that.  The  sulphocyanide  of  potassium  is  the 
best  salt  to  be  adopted  for  the  artificial  production  of  ice;  when  500 
grammes  of  this  salt  are  dissolved  in  400  cubic  centimetres  of 
water,  and  the  mixture  stirred  with  a  test-tube  filled  with  water,  the 
latter  will  be  frozen  in  from  two  to  three  minutes.  The  degree  of 
solubility  of  the  salts  referred  to  in  the  first  column  is  made  up 
according  to  G.  J.  Mulder's  highly  elaborate  researches  on  this  sub- 
ject.— Chem.  News. 


\ 


ON  THE  METHODS  AND  RECENT  PROGRESS  OF  SPECTRUM 

ANALYSIS. 

By  a.  S.  Hkkschkl,  B.A.,  F.R.A.8. 

[Profenor  of  Natural  Philooopliy  in  the  Anderaonian  Uniferaity  of  Glaagow.] 

The  portion  of  the  solar  spectrum  which  is  most  generally  visi- 
ble under  all  circumstances  of  the  atmosphere,  and  in  which  the 
bright-line  spectra  of  the  metals  obtained  with  the  spark  of  a 
Bbumkorff  coil  are  mostly  seen,  is  that  contained  between  the 
Fraunhofer's  dark  lines  A  and  G,  at  the  least  and  most  refrangible 
ends  of  the  spectrum  as  it  appears  in  KirchhofiTs  maps,  the  last  of 
which  was  published  in  1863.  The  air-spectrum  between  the  poles 
of  an  induction  coil  was  subsequently  employed  by  Mr.  Huggins 
in  his  "Eesearches  on  the  Spectra  of  some  of  the  Chemical  Ele- 
ments," published  in  the  Philosophical  Transactions  for  1864,  as  a 
standard  of  comparison  with  the  bright-line  spectra  of  the  metals 
produced  together  with  it  in  the  induction  spark.  The  superior 
heat  of  the  voltaic  arc  being  found  to  produce  more  vivid  spectra 
of  the  elements,  and  to  exhibit  lines  in  the  violet  portion  not  usu- 
ally seen  with  the  induction  coil,  a  blue  line  in  the  spectrum  of 
lithium  was  thus  discovered  by  Professor  Tyndall  in  addition  to 
the  orange  line  which  Dr.  Bunsen  had  detected  in  it  by  the  appli- 
cation of  a  Ehumkorff  coil.  To  extend  KirchhoflTs  scale  of  reference 
to  the  wider  range  of  artificial  spectra,  the  labor  of  completing  the 
map  of  the  solar  spectrum  by  delineating  the  violet  portion,  and 
comparing  it  with  the  voltaic  spectra  of  the  chemical  elements  was 
carried  out  by  Professor  Angstom,  with  the  assistance  of  Mr.  E* 
You  LVIII.— Thibb  Sxbus.— No.  1.— Jult,  1869.  7 
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Thal^n,  at  Upsala;  and  the  work  was  published  in  the  Proceedings 
of  the  Stockholm  Academy  for  February,  1865.  Confining  their  atten- 
tion chiefly  to  the  iron  spectrum  produced  by  two  stout  iron  poles 
of  a  Bunsen  Battery  of  50  cells,  the  specimen  of  this  metal  was 
found  to  contain  so  many  bright  lines,  especially  in  the  violet  por- 
tion, that,  in  addition  to  73  iron  lines  found  by  KirchhoflF  and  Hof- 
mann  to  have  counterparts  in  the  dark  solar  lines  between  A  and  g, 
about  220  were  added  to  the  number  in  that  space  and  170  more 
between  o  and  n  making  the  whole  number  of  iron  coincidences 
about  460,  to  which,  it  was  believed,  one  or  two  hundred  might 
have  been  added,  had  not  the  short  summer  and  deficient  sunlight 
in  the  high  northern  latitude  put  an  end  to  their  comparisons. 
With  a  greater  battery  power,  and  an  equally  extensive  trial  of 
other  chemical  elements,  whose  vapors  appear  to  be  present  in  the 
sun,  the  probability  was  suggested  that  the  innumerable  black  lines 
of  the  solar  spectrum,  which  still  remain  outstanding  when  those 
of  iron  are  subtracted,  may  at  length  be  accounted  for  without 
assuming  the  existence  of  chemical  elements  in  the  solar  atmosphere, 
with  which  we  are  unacquainted  on  the  earth.  The  solar  cha- 
racter of  four  new  sodium  lines,  which  were  first  pointed  out  and 
their  coincidence  with  Fraunhofer's  was  suspected  by  Mr.  Huggins 
in  his  researches,  was  confirmed;  while  the  agreement  of  a  promi- 
nent dark  line  about  half  way  between  a  and  ii,  designated  h  by 
the  authors,  with  a  fourth  line  of  the  spectrum  of  incandescent  hy- 
drogen was  established,  proving  with  the  correspondences  of  the 
other  lines  at  c,  F  and  g,  the  existence  of  that  element  in  the  sun. 
The  metal  manganese  was  placed,  for  the  first  time,  on  the  list  of 
solar  elements,  and  50  new  correspondences  of  calcium  lines  were 
noted  in  addition  to  those  already  previously  observed  by  Kirch- 
hoflf.  In  a  Swedish  work  on  spectrum  analysis,*  published  in  the 
following  year,  Mr.  Thal^n  has  compiled  a  very  complete  chart  of 
spectra  of  the  chemical  elements,  referred,  like  the  above-mentioned 
chart  of  Mr.  Huggins,  to  the  bright  lines  of  incandescent  air,  and 
continued,  as  far  as  they  could  be  traced,  to  the  violet  end  of  the 
spectrum*  It  will  easily  be  perceived  that  the  addition  of  so  many 
characteristic  bright  lines  in  the  spectra  of  the  chemical  elements, 
by  the  use  of  the  voltaic  arc,  by  giving  greater  certainty  to  the 
results,  facilitates,  in  a  corresponding  degree,  the  practical  applica- 

*  **SpectralAnaly8,  £xpos6  och  Hiatorik;   Med  en  8pektre)karta.''    Af  Rob* 
Thal6n,  XJpsala,  Sdquist  &  Bergluod;  1866. 
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tiond  of  the  spectroscope.  Moreover,  in  order  to  establish  a  natural 
scale  for  the  uniform  representation  of  artificial  spectra,  Professor 
Angstrom  last  year  published  a  Normal  Atlas  of  the  Solar  Spec- 
trum,* in  which  the  wave  lengths  of  the  Fraunhofer  lines  are 
employed  to  delineate  them,  so  that  the  spaces  between  them  repre- 
sent the  differences  of  their  wave  lengths  enlarged  te  ten  million 
times  their  natural  dimensions.  The  most  refrangible  Fraunhofer 
line,  H,  occupies  a  point  at  3,983  millimetres,  and  the  least  refrangi- 
ble line,  a,  a  point  at  7,185  millimetres  on  the  map,  which  are  ten 
million  times  the  wave  lengths  of  those  lines ;  and  the  entire  map, 
consisting  of  six  plates  of  two  lines  each,  is  11  feet  6  inches  in 
length.  The  violet  end  of  the  spectrum  in  this  projection  is  more 
compressed,  and  the  red  end  more  expanded,  than  corresponds  to 
their  natural  appearance.  If,  however,  in  place  of  the  wave  lengths 
the  number  of  impulses  in  a  second,  or  their  scale  of  pitch,  as  in 
musical  notes,  were  employed  for  projecting  the  Fraunhofer's  lines, 
a  nearly  natural  representation  of  the  prismatic  spectrum  would  be 
obtained ;  and  the  above  objection  to  the  use  of  the  normal  scale, 
which  may  not,  however,  be  of  very  great  theoretical  importance, 
might  yet  practically  be  removed  with  some  advantage.  A  series 
of  elementary  bright-line  spectra,  showing  their  counterparts  among 
the  solar  lines,  is  laid  down  in  the  margin  of  the  map,  with  the  fol- 
lowing numbers  of  the  corresponding  lines  of  each,  in  their  correct 
places  on  the  scale,  viz: — Iron,  450;  titanium,  116;  calcium,  68; 
manganese,  63;  nickel,  35;  cobalt,  19;  chromium,  18;  barium,  10; 
sodium,  9;t  magnesium,  7;  copper,  7;  zinc  (blue  lines),  2;  alumin- 
ium (violet  lines),  2 ;  hydrogen,  4.  By  a  series  of  remarkable  coin- 
cidences, if  not  of  absolute  agreements,  twenty-four  lines  of  titanium, 
twenty-one  of  calcium,  and  four  lines  of  manganese,  are  represented 
in  the  map  as  corresponding  exactly  in  their  positions  with  iron 
lines.  A  similar  agreement  between  a  double  line  of  nitrogen  and 
a  double  line  of  oxygen  was  observed  by  Mr.  Huggins  in  the  spec- 
trum of  incandescent  air,:j:  but  as  the  correspondence  appeared,  on 
closer  examination,  not  to  be  absolutely  perfect,  it  was  shown  to  be 

*  ''Spectre  Normal  du  Soliel|"  par  A.  J.  Angstrom,  Upsal,  1868.  The  plates 
are  drawn  hy  Mr.  ThaUn. 

f  Three  of  the  new  lines  of  the  sodium  spectrum  are  double,  like  the  familiar  v 
line,  and  the  fourth  is  a  narrow  nebulus  linC)  making  the  total  number  of  nine 
separate  bright  lines  in  the  spectrum  of  this  vapor. 

X  **  Besearches  on  the  Spectra  of  some  of  the  Chemical  Elements."  Fhiloaophi* 
cal  Tmnaaetions  for  1864,  part  iL 
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probably  an  accidental,  although  certainly  a  most  curious,  coincid- 
ence.   In  Angstrom's  Normal  Atlas  the  air  spectrum  is  placed  on 
a  parallel  line  with  the  solar  spectrum,  extending  throughout  its 
length  so  as  to  include  the  lines  of  the  elementary  spectra  between 
them.  The  comparison  of  the  latter  with  either  of  the  two  standard 
scales  is,  accordingly,  made  a  matter  of  easy  reference.  At  the  end 
of  the  atlas  is  placed  a  chart  of  the  atmospheric  dark  lines  and 
spaces  of  the  solar  spectrum,  a  large  number  of  which  are  now 
known  to  owe  their  presence  in  it  to  the  absorption  produced  by 
aqueous  vapor  in  the  earth's  atmosphere.     This  cloudy  group  of 
lines  is  well  characterized  by  Mr.Thal^n  as  forming  a  faint  ground, 
from  which  the  true  solar  lines  of  the  inverted  metallic  spectra, 
tolerably  deep  black  and  well  defined,  stand  out,  as  if  seen  in  per- 
spective, in  strong  relief.    In  place  of  the  four  glass  prisms  used 
by  Mr.  KirchhoflF  in  his  researches,  a  single  bisulphide  of  carbon 
prism  with  a  refracting  angle  of  60®,  a  collimator,  and  an  astrono- 
mical telescope,  each  magnifying  forty  times,  were  found  to  be  a 
sufficiently  powerful  apparatus  to  distinguish  all  the  lines  shown  in 
Kirchhoff's  maps,  and  to  add  to  them  the  numerous  lines  recorded 
in  the  above-mentioned  drawings  by  Mr.  Thal^n.     From  the  fore- 
going description  of  their  recent  publications,  it  will  be  seen  that 
the  operations  of  the  Swedish  observers  continue  to  aflfbrd  fresh 
data  of  practical  value  to  spectral  analysis,  as  well  as  some  very 
important  contributions  of  a  novel  and  interesting  kind  of  spectro- 
scopic science. 


CONTRIBUTIONS  TO  THE  HISTORY  OF  EXPLOSIVE  AGENTS. 

By  F.  a.  Abkl,  F.R.S.,  For.  Sec.  C.  S. 

The  degree  of  rapidity  with  which  an  explosive  substance  under- 
goes metamorphosis,  as  also  the  nature  and  results  of  such  change, 
are,  in  the  greater  number  of  instances,  susceptible  of  several  modi- 
fications by  variation  of  the  circumstances  under  which  the  condi- 
tions essential  to  chemical  change  are  fulfilled. 

Excellent  illustrations  of  the  modes  by  which  such  modifications 
may  be  brought  about  are  furnished  by  gun-cotton,  which  may  be 
made  to  burn  very  slowly,  almost  without  flame,  to  inflame  with 
great  rapidity,  but  without  development  of  great  explosive  force,  or 
to  exercise  a  violent  destructive  action,  according  as  the  mode  of 


Digitized  by  VjOOQ IC 


r 


Explosive  Agents.  53 

applying  heat,  the  circumstances  attending  such  application  of  heat, 
and  the  mechanical  condition  of  the  explosive  agent  are  modified.* 
The  character  of  explosion  and  the  mechanical  force  developed 
within  given  periods  by  the  metamorphosis  of  explosive  mixtures, 
such  as  gunpowder,  is  similarly  subject  to  modifications ;  and  even 
the  most  violent  explosive  compounds  known  (the  mercuric  and 
silver  fulminates,  and  the  chloride  and  iodide  of  nitrogen,)  behave 
in  very  diflferent  ways  under  the  operation  of  heat  or  other  disturb- 
ing influences,  according  to  the  circumstances  which  attend  the 
metamorphosis  of  the  explosive  agent  (e.  y.,  the  position  of  the 
source  of  heat  with  reference  to  the  mass  of  the  substance  to  be 
exploded,  or  the  extent  of  initial  resistance  opposed  to  the  escape 
of  the  products  of  explosion). 

Some  new  and  striking  illustrations  have  been  obtained  of  the 
susceptibility  to  modification  in  explosive  action  possessed  by  these 
substances. 

The  product  of  the  action  of  nitric  acid  upon  glycerine,  known 
as  nitro-glycerine  or  glonoine,  which  bears  some  resemblance  to  chlo- 
ride of  nitrogen  in  its  power  of  sudden  explosion,  requires  the  ful- 
filment of  special  conditions  for  the  development  of  its  explosive 
force.  Its  explosion  by  the  simple  application  of  heat  can  only  be 
accomplished  if  the  source  of  heat  be  applied,  for  a  protracted 
period,  in  such  a  way  that  chemical  decomposition  is  established  in 
some  portions  of  the  mass,  and  is  favored  by  the  continued  appli- 
cation of  heat  to  that  part.  Under  these  circumstances,  the  chemi- 
cal change  proceeds  with  very  rapidly  accelerating  violence,  and 
the  sudden  transformation  into  gaseous  products  of  the  heated  por- 
tion eventually  results,  a  transformation  which  is  instantly  com- 
municated throughout  the  mass  of  nitro-glyccrine,  so  that 
confinement  of  the  substance  is  not  necessary  to  develop  its  full 
explosive  force.  This  result  can  be  obtained  more  expeditiously 
and  with  greater  certainty  by  exposing  the  substance  to  the  con- 
cussive  action  of  a  detonation  produced  by  the  ignition  of  a  small 
quantity  of  fulminating  powder,  closely  confined  and  placed  in 
contact  with,  or  proximity  to,  the  nitro-glycerine. 

The  development  of  the  violent  explosive  action  of  nitro-glyce- 
rine, freely  exposed  to  air,  through  the  agency  of  a  detonation,  was 
regarded  until  recently  as  a  peculiarity  of  that  substance ;  it  is  now 
demonstrated  that  gun-cotton  and  other  explosive  compounds  and 
♦  Froecedinga  of  the  Royal  Society  f  Vol.  XIII.,  pp.  206  et  seq. 
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mixtures  do  not  necessarily  require  confinement  for  the  full  devel- 
opment of  their  explosive  force,  but  that  this  result  is  attainable 
(and  very  readily,  in  some  instances,  especially  in  the  case  of  gun- 
cotton,)  by  means  similar  to  those  applied  in  the  case  of  nitro- 
glycerine. 

The  manner  in  which  a  detonation  operates  in  determining  the 
violent  explosion  of  gun-cotton,  nitro-glycerine,  &c.,  has  been  made 
the  subject  of  careful  investigation.  It  is  demonstrated  experiment- 
ally that  the  result  cannot  be  ascribed  to  the  direct  operation  of  the 
heat  developed  by  the  chemical  changes  of  the  charge  of  detonating 
material  used  as  the  exploding  agent.  An  experimental  compari- 
son of  the  mechanical  force  exerted  by  diflferent  explosive  com- 
pounds, and  by  the  same '  compound  employed  in  different  ways, 
has  shown  that  the  remarkable  power  possessed  by  the  explosion 
of  small  quantities  of  certain  bodies  (the  mercuric  and  silver  fulmi; 
nates)  to  accomplish  the  detonation  of  gun-cotton,  while  compara* 
tively  very  large  quantities  of  other  highly  explosive  agents  are 
incapable  of  producing  that  result,  is  generally  accounted  for  satis- 
factorily by  the  difference  of  force  suddenly  brought  to  bear  in  the 
different  instances  upon  some  portion  of  the  mass  operated  upon. 
Most  generally,  therefore,  the  degree  of  facility  with  which  the 
detonation  of  a  substance  will  develop  similar  change  in  a  neigh- 
boring explosive  substance,  may  be  regarded  as  proportionate  to 
the  amount  of  force  developed  within  the  shortest  period  of  time 
by  that  detonation,  the  latter  being,  in  fact,  analogous  in  its  opera- 
tion to  that  of  a  blow  from  a  hammer,  or  of  the  impact  of  a  pro- 
jectile. 

Several  remarkable  results  of  an  exceptional  character  have  been 
obtained,  which  indicate  that  the  development  of  explosive  force 
under  the  circumstances  referred  to  is  not  always  simply  ascribable 
to  the  sudden  operation  of  mechanical  force.  These  were  especially 
observed  in  the  course  of  a  comparison  of  the  conditions  essential 
to  the  detonation  of  gun-cotton  and  of  nitro-glycerine  by  means  of 
particular  explosive  agents,  (chloride  of  nitrogen,  &c.,)  as  well  as 
in  an  examination  into  the  effects  produced  upon  each  other  by  the 
detonation  of  those  two  substances. 

The  explanation  offered  of  these  exceptional  results  is  to  the 
effect  that  the  vibrations  attendant  upon  a  particular  explosion,  if 
synchronous  with  those  which  would  result  from  the  explosion  of 
a  neighboring  substance  in  a  state  of  high  chemical  tension,  will  by 
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their  tendency  to  develope  those  vibrations,  either  determine  the 
explosion  of  that  substance,  or  at  any  rate  greatly  aid  the  disturbing 
effect  of  mechanical  force  suddenly  applied,  while,  in  the  instance 
of  another  explosion,  which  developes  vibratory  impulses  of  differ- 
ent character,  the  mechanical  force  applied  through  its  agency  has 
to  operate  with  little  or  no  aid ;  greater  force,  or  a  more  powerful 
detonation,  being  therefore  required  in  the  latter  instance  to  accom- 
plish the  same  result. 

Instances  of  the  apparently  simultaneous  explosion  of  numerous 
distinct  and  even  somewhat  widely  separated  masses  of  explosive 
substances  (such  as  simultaneous  explosions  in  several  distinct 
buildings  at  powder-mills,)  do  not  unfrequently  occur,  in  which  the 
generation  of  a  disruptive  impulse  by  the  first  or  initiative  explo- 
sion, which  is  communicated  with  extreme  rapidity  to  contiguous 
masses  of  the  same  nature,  appears  much  more  likely  to  be  the 
operating  cause,  than  that  such  simultaneous  explosions  should  be 
brought  about  by  the  direct  operation  of  heat  and  mechanical 
force. 

A  practical  examination  has  been  instituted  into  the  influence 
which  the  explosion  of  gun^jotton,  through  the  agency  of  a  detona- 
tion, exercises  upon  the  nature  of  its  metamorphosis,  upon  the 
character  and  effects  of  its  explosion,  and  upon  the  uses  to  which 
gun-cotton  is  susceptible  of  application. —  Chem,  News. 


A  New  Air-Fump. — An  instrument  of  this  nature  has  been 
lately  devised  by  Bunsen,  which,  as  a  stationary  attachment  to  a 
laboratory  will,  no  doubt,  prove  of  great  and  general  service.  It 
consists,  essentially,  of  a  concentric  nozzle  at  the  top  of  a  small 
lead  pipe,  about  ^^  inch  =  8  milimetres  in  diameter,  and  about 
40  feet  long,  having  a  water  supply  flowing  through  the  outer  part 
of  the  jet,  and  sucking  air  in  a  series  of  bubbles  from  the  inner  jet, 
which  is  connected  with  the  vessel  to  be  exhausted.  This  arrange- 
ment will,  at  any  time,  give  a  vacuum  equal  to  the  tension  of  the 
vapor  of  water  at  the  existing  temperature.  To  exhaust  a  flask  of 
1  to  3  litre  ('88  to  2J  quarts)  requires  from  6  to  10  minutes,  and 
expends  40  to  50  litres  (8J  to  lOJ  gallons)  of  water. 

The  advantage  of  being  able  to  turn  on  a  vacuum  with  a  stop- 
cock, and  exhaust  corrosive  gases  without  injury  to  apparatus, 
afforded  by  this  device,  is  of  very  great  importance. 
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SPECTRUM  ANALYSIS. 

By  Prof.  Hekby  Morton,  Ph.  D. 

The  subject  of  spectrum  analysis  is  one,  which,  by  reason  of  its 
rapid  development  in  connection  with  practical  matters  and  the 
general  business  of  life,  is  at  present  exciting  the  interest  of  many 
who  have  not  before  given  to  it  any  attention.  Like  every  other 
great  and  new  discovery,  it  excited  interest  among  a  certain  class, 
at  first,  by  a  mere  force  of  novelty,  but  failed  by  that  claim  to 
establish  its  value  in  the  eyes  of  the  general  community.  But  it 
has  now  reached  that  stage  of  development  when  its  claims  must 
be  recognized  by  all,  and  thus  many  of  those  who  ignored  its  early 
developments  and  primitive  stages  of  advance,  now  are  asking  for 
information  as  to  its  character,  principles  and  applications;  and  for 
their  benefit  we  propose  to  publish  a  concise  account  of  the  first 
principles  of  this  wonderful  process,  by  means  of  which  we  are  en- 
abled to  deal  at  equal  advantage  with  the  inappreciably  small  and 
the  immeasurably  great;  to  discover  the  presence  of  the  one  two 
hundred-millionth  of  a  grain  of  salt  floating  in  the  air,  and  to 
analyze  every  star  and  nebula  in  the  universe.  By  which  we  can 
look  into  and  follow  more  closely  than  by  any  other  aid,  those 
mysterious  changes  in  the  structure  of  substances  which  are  con- 
cerned in  the  microscopic  phenomena  of  life;  and  with  which  we 
can  likewise  detect  the  changes  which  may  be  progressing  in  the 
growth  of  a  solar  system,  and  translate  to  our  comprehension  the 
passing  incidents  in  the  physical  history  of  an  universe. 

The  elementary  facts  and  principles  upon  which  this  wonderful 
process  is  based  are,  after  all,  few  and  simple.  If  a  ray  of  white 
light,  passing  through  a  narrow  crack,  so  that  it  might  be  repre- 
sented in  its  entire  path  by  a  strip  of  paper,  falls  upon  a  glass  prism 
so  as  to  have  its  narrowest  edges  towards  the  triangular  ends,  and  its 
breadth  parallel  with  the  three  parallel  edges  of  the  glass,  it  will 
be  bent  from  its  course,  as  is  shown  in  the  figure,  and,  moreover, 
will  be  spread  out  so  as  to  produce  on  a  screen  a  band  or  ribbon  of 
light  which  will  have  a  red  color  at  the  end,  r,  a  violet  color 
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at  the  other  end,  v,  and  all  the  other  pure  colors,  orange,  yellow, 
green,  blue,  with  all  their  possible  grada-  Fig.  i. 

tions,  blending  gradually  between.  Such 
a  band  of  colored  light  is  called  a  "  spec- 
trum," or,  accurately,  a  "continuous  spec- 
trum." 

The  significance  of  this  simple  experiment  will  be  appreciated 
when  the  following  facts,  proved  in  many  other  ways  beside,  are 
borne  in  mind: —  ^ 

White  light  is  a  composition  of  all  pure  colors,  and  the  simple, 
or  pure  and  unmixed,  thing,  in  light,  is  not  white,  but  any  single 
color.  Each  simple  color  is  bent  or  deflected  by  a  prism,  to  a  cer- 
tain degree  peculiar  to  itself;  and  thus,  when  the  mingled  white 
ray  falls  upon  the  prism,  each  of  its  constituent  colors,  being  differ- 
ently deflected,  follows  a  different  path,  and  so  comes  to  a  different 
place ;  and  thus  the  individual  tints  are  "  deployed  in  line,"  and 
appear  side  by  side. 

Were  the  ray  which  falls  upon  the  prism  composed  of  a  single 
color,  no  such  outspreading  could  occur ;  all  the  light  would  be 
equally  bent,  would  follow  the  same  path,  and  would  produce  on 
the  screen  a  narrow  line  exactly  similar  in  shape  to  the  opening 
through  which  the  beam  was  admitted  at  first.  Thus,  if  the  light 
were  of  a  simple  red  tint,  it  would  go  to  some  point  near  R;  if  of  a 
violet  shade,  to  some  one  spot  near  v ;  or  if  orange,  yellow,  or 
green,  to  its  appropriate  place  between  the  first-mentioned  extremi- 
ties. 

If,  again,  the  color  in  the  light  were  mixed — if  the  ray  consisted 
of  a  certain  yellow  ray  and  a  certain  blue  one  combined — then, 
after  traversing  the  prism,  the  blue  part  would  go  to  its  place,  and 
the  yellow  to  its  own,  and  the  rest  would  be  unilluminated  or  dark. 
Thus  would  the  mixed  light  be  "  analyzed  "  by  such  a  development 
into  an  incomplete  and  fragmentary  spectrum,  which  is,  however, 
called  a  "  spectrum,"  nevertheless. 

We  should  further  mention  here,  that  the  difference  between 
colors  in  light  is  exactly  the  same  as  that  between  notes  in  music? 
namely:  a  variation  in  the  rapidity  of  vibration.  Thus,  the  note 
c,  or  "do,"  of  the  lowest  octave,  is  produced  by,  or  consists  of,  128 
vibrations  per  second;  D,  or  "re,"  of  144,  and  so  on;  and  in  like 
manner  crimson  light  is  produced  by  473,000,000,000,000  vibra- 
tions per  second,  and  bright  blue  by  653,000,000,000,000. 

You  LVIII.— Third  Sebiks.— No.  1.— July,  1869.  8 
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The  separation  effected  bj  the  prism  in  the  case  before  described, 
is,  therefore,  in  fact,  a  sort  of  numerical  classification  by  which  the 
vibrations  of  different  rates  are  sorted  out,  and  each  sent  to  its  own 
place  in  the  rank,  according  to  a  regular  numerical  progression. 
To  follow  out  our  musical  analogy  or  illustration,  it  would  be 
paralleled  in  the  case  of  sound,  could  we,  by  some  sort  of  acoustic 
prism,  separate  the  various  notes  coming  from  an  orchestra,  and 
cause  each  to  fall  in  its  appropriate  place  on  the  key -board  of  a 
piano. 

The  general  principle  being  such  as  we  have  above  described,  the 
method  by  which  it  is  practically  applied  to  purposes  of  analysis  is 
as  follows: — 

An  instrument  called  a  "spectroscope"  is  provided,  which  is 
constructed  in  the  following  manner  (see  Fig.  2,  which  is  a  view  of 
the  apparatus  as  seen  from  directly  above):  Attached  to  a  firm 

Fig.  2. 


stand  having  a  flat  circular  top,  is  a  tube,  c  o,  having  at  its  end,  O,  a 
narrow  vertical  opening  adjustable  as  to  its  width  by  means  of  a 
slide  and  screw.  Half  the  height  of  this  opening  is  covered  by  a 
small  triangular  glass  prism,  by  which  rays  of  light  from  L  will  be 
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reflected  into  the  tube  through  that  half  of  the  opening,  while  the 
other  half  is  uncovered  and  will  admit  light  from  P,  directly  in 
front. 

We  will  at  first  only  consider  these  last  rays,  which  maybe  sup- 
posed to  come  from  a  lamp  or  burner  at  P,  and  to  pass  down  the 
tube,  G  o.  At  the  end,  c,  of  this  tube,  these  rays  encounter  a  lens, 
which  renders  them  parallel  to  one  another,  and  in  this  condition 
they  fall  upon  a  prism,  A,  by  which  they  are  refracted  and  separated 
in  the  manner  already  described,  and  fall,  in  turn,  upon  a  prism,  B, 
which  bends  them  around  to  C ;  this  then  sends  them  to  D,  and  so 
on  to  H,  from  which  they  pass  off  in  the  direction  H  K,  and  thus 
enter  this  tube,  K  r,  which  is  simply  a  small  telescope,  to  the  outer 
end  of  which  the  eye  of  the  observer  is  applied. 

It  is  not  always  or  generally  necessary  to  employ  so  many  prisms. 
Ordinary  instruments  have  only  one,  the  telescope  being  then 
placed  so  as  to  receive  the  rays  as  they  leave  this  first  and  only 
prism  in  the  direction  A  B.  Where  so  many  prisms  are  used,  more- 
over, all  the  rays  cannot  be  seen  at  once,  as,  after  the  second  prism, 
tbey  are  so  widely  outspread  that  only  part  of  them  fall  upon  the 
next  prism,  and  so  on,  more  and  more  to  the  last:  an  arrangement 
is  therefore  provided  (such  as  we  see  in  the  figure)  for  so  turning 
all  the  prisms  together  that  one  part  after  another  of  the  outspread 
band  of  rays  or  "  spectrum  "  will  fall  upon  and  be  observed  through 
the  telescope. 

If,  then,  a  source  of  white  light,  such  as  a  candle,  lamp,  or  gas- 
flame  is  placed  at  p,  its  various  colored  rays  will  be  separated  by 
the  action  of  the  one  or  more  prisms  employed,  and  the  distributed, 
separated,  or  analyzed  light  or  "  spectrum,"  will  be  observed  in 
detail  by  means  of  the  telescope  at  K. 

If,  however,  a  source  of  light  is  placed  at  p,  which  furnishes  rays 
of  but  one  color  (as,  for  example,  a  spirit-lamp  with  table  salt  on 
the  wick,  which  gives  pure  yellow  light),  then  the  rays  will  not  be 
separated  by  the  prisms,  but  will  all  be  bent  equally  and  together, 
and  we  shall  see  through  the  telescope  a  yellow  image  of  the  nar- 
row opening  by  which  the  light  enters  the  tube,  c  o,  exactly  as 
though  we  were  looking  directly  towards  it.  This  image  will  occupy 
exactly  the  place  of  the  same  color  (yellow)  in  the  continuous  spec- 
trum obtained  with  the  white  light.  In  fact,  we  may  very  fairly 
regard  the  continuous  spectrum  as  being  made  up  of  a  row  of 
colored  images  of  the  narrow  opening,  arranged  side  by  side ;  this 
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arrangement  being  due  to  the  fact  that  each  color  is  differently 
bent  by  the  prisms.  If  the  light  placed  at  P,  instead  of  emitting 
one  color,  gave  out  two,  three,  four,  or  more  distinct  colors,  but 
not  every  shade,  then  each  of  these  tints  would  be  thrown  to  its 
appropriate  place,  and  we  should  have  a  spectrum  consisting  of 
two,  three,  four,  or  more  colored  bands  distributed  on  a  black 
ground.  This  is  illustrated  in  Fig  3,  where  all  the  "  spectra,"  ex- 
cept the  last,  are  of  this  character. 

Fig.  3. 


It  is  a  fact,  proved  by  extended  observation  and  experiment, 
that  when  substances  are  so  heated  as  to  be  vaporized  and  made 
luminous  at  the  same  time,  the  light  which  they  emit  is  made  up 
of  a  moderate  number  of  colors,  wanting  a  great  part  of  the  vari- 
ous shades  which  would  make  up  a  complete  series  or  continuous 
spectrum ;  and  that,  moreover,  the  colors  emitted  by  each  substance 
are  peculiar  to  itself,  and,  under  similar  conditions,  always  the 
same  for  the  same  body.  If,  then,  we  heat  an  unknown  substance 
in  the  colorless  flame  of  an  alcohol  lamp,  or  Bunsen  burner,  and 
look  at  the  light  its  vapor  emits,  through  a  spectroscope  such  as  is 
shown  in  Fig.  2,  and  we  see  a  single  vertical  yellow  line,  as  in  the 
band  marked  Na.  on  Fig.  3,  we  may  know  that  the  substance  em- 
ployed contains  sodium.     If  we  see  a  rich  red  and  an  orange  line, 
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as  in  band  marked  Li.,  we  know  that  lithmus  is  present,  and  so  on 
with  the  others,  Sr.  standing  for  strontium,  Ca.  for  calcium,  *Ba.  for 
barium,  Bb.  for  rubidium,  Gs.  for  caesium,  and  Ka.  for  potassium. 

These  lines  are  here  shown  without  their  colors,  but  these  may 
be  estimated  by  remembering  that  the  lower  band  represents  a 
spectrum  of  sunlight  with  its  red  end  at  A,  bright  crimson  at  c, 
orange  at  D,  and  yellow  beyond ;  green  about  E,  blue  beginning 
about  F,  indigo  near  g,  and  violet  either  side  of  H,  and  that  like 
colors  occupy  corresponding  places  in  the  bands  below. 

For  the  more  accurate  determination  of  lines,  measurements  are 
made  by  means  of  a  transparent  scale  placed  in  the  outer  end  of  the 
tube,  F,  and  illuminated  by  a  light  at  F,  its  image  being  reflected 
from  the  face  of  the  prism  h  so  as  to  enter  the  telescope,  K,  along 
with  the  rays  producing  the  spectrum,  so  that  the  divided  scale 
seems  to  be  a  transparent  rule  lying  upon  the  spectrum. 

The  object  of  the  little  prism  at  the  end  of  the  tube,  c  o,  is  to 
enable  us  to  compare  the  spectra  of  the  two  lights,  one  being  placed 
at  L  and  one  at  P.  The  light  from  p  goes  through  the  part  of  the 
slit  not  covered  by  the  prism,  while  that  from  L  goes  by  the  other 
part,  and  so  two  spectra  are  seen  at  once,  one  above  the  other. 

By  the  use  of  such  an  instrument  as  we  have  described,  it  is  evi- 
dent that  the  presence  or  absence  of  a  large  number  of  substances 
in  minerals,  and  like  bodies,  may  be  ascertained  with  great  ease  and 
rapidity.  To  facilitate  such  operations,  a  few  adjuncts  are  of  great 
advantage.  Thus,  beside  a  pair  of  Bunsen  burners  of  the  usual 
sort,  a  couple  of  light  stands,  furnished  with  projecting  adjustable 
wires,  over  which  short  pieces  of  glass  tubing  with  platinum  wires 
attached  to  their  outer  ends  will  slip.  These  platinum  wires,  bent 
into  a  loop,  will  hold  in  the  flame  of  the  burners,  morsels  of  the 
substances  to  be  tested.  Where  a  higher  temperature  than  that  of 
the  Bunsen  burner  is  required,  the  oxohydrogen  flame  is  some- 
times employed;  but,  usually,  those  substances  which  will  not 
volatilize  in  the  ordinary  Bunsen  burner,  must  be  treated  with  the 
vastly  higher  temperature  of  the  electric  discharge.  This  is  most 
conveniently  obtained  by  the  use  of  the  induction  coil  with  Leyden 
jars  in  circuit.  The  substances  to  be  examined  are  then  adjusted 
as  terminal  points,  between  which  the  spark  leaps  either  in  the  air 
or  within  glass  tubes;  or,  if  the  material  be  liquid  or  gaseous, 
it  is  enclosed  in  a  tube  more  or  less  exhausted,  and  supplied  with 
conducting  wires  soldered  into  its  ends. 
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By  extended  investigations,  certain  laws  or  general  rules  of  action 
have  been  developed  in  reference  to  the  relation  of  various  forms 
of  matter  and  their  spectra,  which  are  of  the  greatest  importance,  on 
account  of  their  application  to  the  solution  of  many  natural  prob^ 
lems  otherwise  quite  beyond  our  reach.  This  subject  we  must, 
however,  defer  until  the  next  number. 

(To  bo  continued.) 


ON  THE  FUTURE  DEVELOPMENT  OF  SCIENTIFIC  EDUCATION  IN 

AMERICA. 

By  S.  Edwakd  Wabben,  C.  E. 

ProC  of  DescriptfTtt  Geometry,  Ac,  in  the  RensseUer  Pol.  Inst.,  Troy,  N.  Y. 

(Concluded  from  Vol.  LVII.,  page  422.) 

(-D.) — Philosophy,  Passing  over,  without  further  comment,  than 
has  already  been  made,  such  classes  of  studies  as  are  at  present 
popular  and  appreciated,  and  noting  only  those  which  are  misap- 
prehended and  regarded  with  some  prejudice,  philosophy  must 
have  a  word  in  its  behalf.  It  is  no  wonder  that  those  who  deal 
with  obviously  fruitful  facts  and  thoughts,  and  who  have  been  well 
nigh  consumed  with  laughter,  in  reading  of  the  successive  and  dis- 
similar rocket  flights  of  some  philosophies,  and  at  the  transient 
and  very  much  unmeaning  applause  that  greeted  each,  should  think 
the  very  word  philosophy  a  synonym  for  such  ingenious  vagary,  as 
any  one  could  write  to  order  by  the  yard,  for  the  amusement  of  a 
lively  company.  But  there  is  a  philosophy,  of  plain  sound  Scotch, 
or  other  common  sense,  to  which  a  dash  of  French  brilliancy  does 
no  harm ;  which  consists  in  an  orderly  discussion  of  facts  and  prin- 
ciples ;  well  ascertained  by  patient  interrogation  of  consciousness, 
and  observation  of  life,  similar  to  those  employed  in  physical 
researches.  Such  philosophy  must  be  both  interesting  and  improv- 
ing, by  as  much  as  the  human  spirit  is  a  reality,  having  ascertain- 
able attributes  and  relations. 

We  only  add,  that  philosophy  is  here  used  in  a  broad  sense,  to 
include  Psychology^  or  mental  structure ;  LogiCf  or  the  science  of 
the  necessary  forms  of  thought,  Ethics^  or  moral  science,  and 
JEstheticSj  or  the  science  of  beauty. 

{E,) — Practice.  Man,  considered  as  not  a  structure^  merely,  but 
an  agentj  to  be  perfected ;  and,  still  more,  as  a  complex,  and  not  a 
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simple  agent,  since  he  is  composed  of  a  united  body  and  spirit, 
should  be  trained  by  a  thoroughly  concrete  system  of  education ; 
that  is,  one  in  which  manipulations,  governed  by  principles,  and 
resulting  in  visibly  or  tangibly  e^nhodied  principles,  shall  have  a 
due  share.  For  the  spirit  to  keep  the  flesh  forever  innocently  busy, 
in  working  out  some  work  of  the  governing  intelligence,  is  not 
merely  an  incomparable  moral  safeguard,  and  that  in  the  sweetest 
way,  by  securing  perennial  delight  in  life,  but  it  educates  the  actual 
concrete  man,  of  body  and  soul,  up  to  a  perfect  practical  unity  of 
being,  by  making  the  body  the  sure  and  accomplished  servant  of  the 
soul ;  by  putting  every  physical  capacity  fully  into  the  grasp  of 
the  wZ/'-possessed  spirit.  Physical,  chemical,  geodetical,  graphical, 
gymnastic  and  vocal  practice^  with  a  full  understanding  of  the  prin- 
ciples involved,  is  a  grand  division  of  noble  educating  agencies, 
which  have  not  always  been  sufficiently  recognized,  even  in  other- 
wise masterly  and  comprehensive  reviews  of  the  business  and 
objects  of  education. 

Moreover,  it  is  in  the  light  of  these  remarks,  and  more  clearlj-  than 
before,  perhaps,  that  we  see,  that  general,  or  "  liberal,"  and  technical 
or  **  professional "  education  are  properly  less  distinct  in  real  life,  than 
in  systems  of  thought, 

{F) — Observation  and  experiment,  we  would  now  thus  unite. 
Simple  =  Of  Free  Man  and  Nature. 
Condition  =  Of   humanly   conditioned    Man   or 
Nature  =  Experiment. 

With  these  comments  we  proceed  with  the  final  two  years  of  the 
proposed  five  years  programme. 

Technical  Courses — Two  Years, 

Idea. — Without  the  perception  of  a  noble  idea  at  the  bottom  of 
technical  instruction,  it  cannot  be  redeemed  from  the  comparative 
disesteem  evidently  felt  for  it  by  some.  There  is  such  an  idea  of 
the  very  highest  order,  and  only  a  strange  failure  to  perceive  it 
seems  to  have  caused  the  disesteem  alluded  to. 

The  evil  pride  of  life  has  apparently  caused  man  to  catch,  if  only 
obscurely,  at  the  idea  of  a  lofty  aristocracy  of  learning,  in  connec- 
tion with  the  idea  of  a  university  as  a  place  of  elegant  retirement, 
for  purposes  of  self  culture,  simply  for  its  own  sake.  Let  us  there- 
fore go  at  once  to  the  foundation  of  life  to  see  what  can  there  be 
found,  and  thence,  how  to  build. 
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The  elements  of  life  are  being,  doing,  having ;  the  perfection  of 
each,  as  before  said,  is  the  sum  of  good.  University,  or  college 
education,  both  being  the  same  in  spirit,  so  far  as  they  only  con- 
template self-culture  on  the  part  of  their  members,  aim  in  this 
spirit,  to  make  perfection  of  being  alone  their  end,  in  other  words 
to  make  man  an  end  to  himself,  as  it  is  often  expressed. 

Now,  a  being  so  readily  subject  to  illusions  as  man,  may  far  too 
readily  adopt  the  apparently  lofty,  but  according  to  the  deepest 
truth,  belittleing  idea  of  superlative  greatness  in  thus  withdrawing 
from  industrial  life  in  behalf  of  a  life  of  elegant  self-culture ;  sup- 
ported by  the  industry  of  others,  and  earning  for  him  an  obsequious 
regard,  which  is  in  reality  superstitious,  as  the  following  consider- 
ations shall  plainly  show  ;  premising  that  we  mean  by  superstitious 
regard,  a  deference  beyond  and  in  place  of  that  which  is  naturally 
due,  according  to  the  real  truth  of  things. 

Professional  education  aims  to  perfect  the  doing^  and  that  for  the 
sake  of  the  having,  which  perfect  doing  will  certainly  secure.  Now, 
it  is  just  here  that  a  fatal  oversight  is  made.  First,  there  is  nothing 
necessarily  ignoble  in  study  pursued  in  behalf  of  material  self-service. 
For  the  actual  world  being  most  thoroughly  a  concrete  one  of  matter 
united  with  and  subject  to  controlling  life,  the  form  and  quality,  not 
necessarily  the  amount,  of  one's  material  acquisitions,  are  a  fair 
exponent  or  expression  of  his  capacities  and  personal  soundness 
and  worth.  God  has  conditioned  beautiful  practical  living,  in 
which  material  things  possessed  are  wielded  for  spiritual  ends, 
upon  well  directed  industry.  Each  is  therefore  bound  to  show  to 
all,  his  characteristic  specimen  of  the  beautiful  results  of  his  pecu- 
liar form  of  industry.  But,  second,  service  is  not  by  any  means 
necessarily  self-service. 

It  is  not  so  in  effect,  even  if  so  in  spirit.  But  it  is  not  necessarily 
so  in  spirit.  And,  now,  can  a  noble  progression  end  in  a  nobler 
conclusion  than  this  following  ?  Perfection  of  being,  that  the  being, 
as  an  instrument,  shall  be  capable  of  perfect  doing.  Perfect  doing, 
for  the  sake  of  perfect  having,  and  this  last,  in  its  use,  the  practical 
contribution  which  one  consciously,  intentionally  and  gladly  makes 
to  the  glory  of  God  as  his  Creator;  to  the  blessing  of  man  as^his 
brother. 

But  only  technical  or  professional  education  contemplates  that 
exact  determinateness,  which  makes  perfect  doing,  and  effects  per- 
fect having. 
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Wherefore,  while  the  spirit  of*general  or  collegiate  education, 
when  it  becomes  partisan  and  dissociated  from  the  best  ideal  pro- 
fessional spirit,  has  for  its  motto  knowledge,  admiration  (of  self  and 
of  things  which  exalt  self),  self-exaltation,  and  while  the  profes- 
sional spirit,  when  depraved  and  fallen,  contemplating  only  selfish 
self-service,  with  the  least  of  broad  or  deep  intelligence  in  the  use 
of  means  to  that  end,  is  only  a  "  bread  and  butter"  spirit ;  the  true 
professional  spirit,  reinforcing  itself  by  intimate  union  with  a  just 
university  spirit,  takes  for  its  symbol:  knowledge^  admiration^  lovcj 
service.  Knowledge  of  that  form  and  extent  that  may  be  universally 
serviceable:  Admiration  of  knowledge  for  both  its  subjective  and 
objective  benefits :  Love  to  the  Provider  at  once  of  the  knowing 
faculties,  on  the  one  hand,  and  of  honorable  truth  on  the  other ;  and 
to  man  for  whom  truth  is  to  be  reduced  to  practice.  Service,  joy- 
fully rendered  to  the  Creator,  for  the  sake  of  his  goodness,  and  to 
the  creature  for  the  sake  of  his  needs. 

We  now  return  to  our  programme.  Of  the  special  courses  in  an 
engineering  school,  much  is  common  to  all.  The  following  pro- 
gramme, may  represent  the  course  for  the  section  of  Construction 
Engineers. 

First  Year  =  Division  B. 

SUBJECT.  NO.  HOUBS  ON  DUTt. 

RatioDEl  Mechanics 80 

Physical         *•  40 

Spherical  Astronomy 30 

Theory  of  Acoustics  and  Optics 25 

Structures 60 

Technical  Physics,  Warming,  Ventilation,  Tests  of  Materials, 

Discharge  of  Liquids,  etc 60 

Natural  History,  Origin  and  Preparation  of  Engineering  Materials  80 

Machine  Construction  and  Drawing,  Elements 50 

Practical  Chemistry,  Qualitative  Analysis 50 

"       Astronomy .*. • 60 

*<       Trigonometry,  Leveling  and  Topographical  Surveying...  60 

Hydrograph  leal  Surveying 60 

Contour  Maps 15 

Hydrographical  Maps 80 

Structure  Drawing ^ • 60 

Contingent • « 60 

750 
ToL.  LVIII.— Thibd  Sibibs.— No.  I.—Jult,  1869.  9 
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Second  Year  =  Division  A, 

SUBJECT.  NO.  HOURS  ON  DUTY. 

Engineering  Geology 20 

General  and  Iron  Metallurgy 36 

Manufacture  of  Machines , 20 

History  and  Processes  of  the  Useful  Arts 30 

Plow  of  Streams,  Experimental  Determinations *  15 

History  of  Engineering 20 

Practical  Chemistry 26 

"       Meteorology. 20 

Engineering  Chemistry,  Preservation  of  Materials 26 

Lectures  on  Special  Engineering  Operations  by  Experts 45 

Railway  Administration  and  Economy 80 

Machine  Construction  and  Drawing 20 

Theory  of  Machines,  General  and  Locomotive  Motors 90 

General  and  Engineering  Architecture 80 

Stone  Cutting,  Carpentry  and  Stairs. 56 

Railroad  Surveying  and  Construction '(Lectures) 40 

Higher  G^eodesy,  Elements : 16 

General  and  Engineering  Jurisprudence 20 

Engineering  Esthetics.  20 

Political  Economy  , -, 26 

Constitution  of  the  United  States 10 

Road  Engineering,  Practice... 40 

R.  R.  Maps 20 

Theses 50 

Contingent 60 

750 

Hie  Caufld  of  the  Hardening  of  Hydraulic  Cement.— In 

order  to  test  the  truth  of  the  diflferent  hypotheses  made  concerning 
to  this  subject,  A.  Schulatschenko,  seeing  the  impossibility  of  separ- 
ating, from  a  mixture  of  silicates,  each  special  combination  thereof, 
repeated  Fuchs's  experiment,  by  separating  the  silica  from  100 
parts  of  pure  soluble  silicate  of  potassa,  and,  after  mixing  it  with 
fifty  parts  of  lime  and  placing  the  mass  under  water,  when  it  hardened 
rapidly.  A  similar  mixture  was  submitted  to  a  very  high  tempera- 
ture, and  in  this  case,  also,  a  cement  was  made.  As  a  third  experi- 
ment, a  similar  mixture  was  heated  till  it  was  fused ;  after  having  been 
cooled  and  pulverised,  the  fused  mass  did  not  harden  any  more  under 
water.  Hence  it  follows  that  hardening  does  take  place  in  cemeftt 
made  by  the  wet  as  well  as  the  dry  process,  and  that  the  so-called* 
over-burned  cement  is  inactive,  in  consequence  of  its  particles 
having  suffered  a  physical  change. 
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We  have  received  from  Prof.  Leeds,  now  residing  in  Berlin,  the 
folJowing  reviews  and  abstracts  of  new  German  publications,  which 
will,  no  doubt,  be  of  special  value  to  our  readers,  as  the  books 
themselves  are  not  likely  to  be  easily  accessible,  and  these  full  dis- 
cussions  may  thus  represent  them. — [Ed.] 

Orundzuge  der  Krystallographie,  By  Dr.  J.  Muller.  Second  edi- 
tion.   Braunschweig :  Vieweg  &  Son.     1868. 

A  great  variety  of  discoveries  in  natural  philosophy  has  shown 
that  there  is  an  intimate  relation  between  the  physical  properties 
of  substances  and  their  crystalline  form.  If  the  three  imaginary 
lines  or  axes  around  which  the  mass  of  a  crystal  is  symetrically 
disposed  are  equal  in  length  and  at  right  angles  to  each  other,  then 
are  its  physical  properties  in  these  three  directions  the  same.  But, 
if  such  is  not  the  case — if  these  axes  are  unequal  in  length  and 
oblique,  there  is,  on  the  contrary,  not  only  a  different  conductibility 
for  heat  and  electricity,  an  unequal  degree  of  hardness  and  cohesion 
in  dissimilar  parts  of  the  crystal,  but  even  the  rays  of  light  are  dis- 
similarly affected.  The  crystalline  form  is  the  external  expression 
of  the  peculiar  physical  properties  of  a  substance:  it  reveals  at  a 
glance  what  otherwise  could  be  gathered  only  from  many  experi- 
ments. Although  a  growing  appreciation  of  the  importance  of 
these  facts,  not  merely  by  mineralogists  and  physicists,  but  also  by 
chemists,  has  caused  a  larger  and  larger  space  to  be  devoted  to 
Crystallography  in  works  on  Natural  Philosophy  and  Chemical 
Physics,  yet  there  is  still  a  want  of  a  compendium  in  English 
treating  of  this  subject  alone. 

This  work  by  Miiller,  at  present  under  consideration,  is  plenti- 
fully illustrated  with  good  wood-cuts,  is  clearly  written,  and  as  an 
easily- understood  introduction  to  the  science  has  a  certain  small 
value.  Something  more  extensive  is  demanded  at  the  present  time. 
A  work  is  wanted  which  will  give  the  fundamental  forms  and  all 
the  known  modifications.  The  different  systems  of  lettering  should 
be  given,  and  the  relation  between  the  secondary  and  primary 
forms  thoroughly  explained.  Something  of  this  kind  is  requisite 
even  to  the  mineralogist,  to  enable  him  fully  to  understand  those 
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portions  of  the  last  edition  of  Dana's  Mineralogy  which  relate  to 
crystalline  forms.    For  the  system  there  given,  though  admirable 
for  simplicity  and  conciseness,  and  though  it  expresses  to  an  accom- 
plished crystallographer  already  familiar  with  the  classic  works  of 
Haiiy,  Levy,  Weiss,  Miller,  Hose,  and  Naumann,  all  that  can  be 
said  about  the  form  of  a  crystal,  yet  from  its  very  brevity,  misleads 
the  beginner.    Mere  figures  and  letters  do  not  constitute  a  language, 
and  the  beginner  finds,  after  reading  over  a  table  of  measurements 
such  as  is  given  in  Dana,  he  is  still  unable  to  form  a  clear  concep- 
tion in  his  own  mind,  or  to  express  his  ideas  to  others,  for  want  of 
words  to  clothe  them.    Every  form  that  is  mentioned  in  such  a 
treatise  should  be  accompanied  by  a  statement  of  the  most  import- 
ant substances,  mineral  and  organic,  natural  and  artificial,  where  it 
occurs.    In  like  manner,  all  the  hemiedral,  hemimorphic,  and  twin 
crystallizing  bodies  should  be  fully  mentioned.     Practical  instruc- 
tions should  be  given  for  the  measurement  and  draughting  of  crys- 
tals, and  so  much  of  mathematics,  as  would  enable  any  one  with  a 
knowledge  of  trigonometry  to  calculate  the  axes  and  forms  from 
observed  angles.    The  aid  aflbrded  by  cleavage  and  the  employ- 
ment of  polarized  light  in  the  determination  of  a  crystal  should  like- 
wise be  carefully  explained.  Other  matters,  such  as  the  deportment 
of  the  crystals  to  heat,  electricity,  magnetism,  and  to  light  in  gene- 
ral, their  hardness,  the  connection  between  the  crystalline  form  and 
oliemical  constitution,  including  the  topics  of  isomorphy  and  hetero- 
morphy,  all  these  subjects,  which  are  generally  included,  might  be 
profitably  left  to  special  treatises,  and  the  space  thus  gained  devoted 
to  the  actual  wants  of  the  beginner  that  have  been  mentioned 
above. 

Beitrdge  zur  Oeshichte  der  Chemie.  By  Hermann  Kopp.  Braun- 
schweig: Viewcg  &  Son.     1869. 

The  object  of  these  contributions  to  the  History  of  Chemistry  is 
to  make  known  the  views  which  have  been  held  at  different  times 
concerning  the  earliest  pursuit  of  chemistry  under  the  form  of 
alchemy,  and  the  earliest  writers  and  manuscripts  referring  to  this 
subject  which  have  come  down  to  our  knowledge  and  possession. 
The  learned  author,  with  much  care  and  toil,  has  rumaged  amid  a 
multitude  of  musty  books  and  long-forgotten  writers,  and  brings 
these  records  of  the  folly  and  credulity  of  the  past  to  augment  the 
volume  of  chemical  literature  of  the  present  day,  a  stream  so  fraught 
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with  blessing  and  delight  to  the  great  masses  of  mankind.  Few 
chemists  will  have  the  leisure,  and  many  will  lack  the  ability,  to 
read  these  curious  philological  essays,  which  include,  among  other 
things,  the  fables  and  theories  concerning  the  origin  and  early 
knowledge  of  alchemy;  opinions  concerning  the  knowledge  of 
alchemy  by  the  ancients;  earliest  occurrence  of  the  word  Chemie; 
the  early  employment  of  alchemy  in  Egypt;  the  oldest  chemical 
manuscript;  the  old  alchemical  writers  in  general:  Democritus, 
Lynesias,  and  Zosimos.  A  lengthy  chapter  on  the  History  of  Dis- 
tillation is  given  in  conclusion.  In  reading  the  chapter  devoted  to 
the  first  of  the  topics  above  mentioned,  we  cannot  but  feel  greatly 
surprised  at  the  manner  in  which  many  passages  occurring  in 
ancient  authors,  were  wrested  from  tlieir  plain  and  obvious  meaning 
by  the  writers  who  came  afterwards,  and  who  wrote  on  alchemy, 
and  were  invested  with  mysterious  significance.  For  example,  the 
passage  of  Genesis,  (Chap.  vi.  1,  2  and  4,)  "And  it  came  to  pass, 
when  men  began  to  multiply  on  the  face  of  the  earth,  and  daughters 
were  born  unto  them,  that  the  sons  of  God  saw  the  daughters  of 
men  that  they  were  fair;  and  they  took  them  wives  of  all  which 
they  chose.  *  *  *  There  were  giants  in  the  earth  in  those  days ; 
and  also  after  that,  when  the  sons  of  God  came  in  unto  the  daughters 
of  men,  and  they  bare  children  unto  them,  the  same  became  mighty 
men  which  were  of  old,  men  of  renown."  In  the  foregoing  a  tradi- 
tion is  regarded  as  substantiated  which  imputed  a  knowledge  of 
alchemy  and  other  mysteries  to  the  antediluvians,  on  the  score  of 
their  intimacy  with  beings  of  supernatural  origin  and  powers.  In 
juxtaposition  with  this  passage,  another  is  given  from  the  book  of 
Enoch,  in  the  second  chapter  of  which  it  is  told  how  many  angels 
inclined  themselves  to  the  daughters  of  men,  and  what  they  did  in 
consequence;  one  especially,  (and  that  nothing  may  be  lacking  to 
the  fullness  and  particularity  of  the  narrative,  even  his  name  is 
given,)  Azaz^l,  taught  mankind  "their  arts;  bracelets  and  orna- 
ments, and  (naughty  angel!)  the  use  of  rouge  and  the  beautifying 
of  the  eyebrows,  and  costly  and  most  choice  jewels  and  all  manner 
of  dyee,  and  the  metals  of  the  earth."  Others  of  these  fallen  spirits 
taught  various  other  heavenly  mysteries,  such  as  conjurations  and 
astrology.  The  lover  of  classical  literature  can  hardly  fail  to  call 
to  mind,  in  reading  the  above,  that-  memorable  passage  in  Prome- 
theus Vinetus,  in  which  Prometheus,  who  impersonates  in  himself 
the  virtues  of  Greek  mythology  as  Christ  does  those  of  Mosaic 
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origin,  narrates  the  innumerable  benefits  and  arts  he  has  given  to 
mortals.  But  jEschylus  imputes  far  other  and  nobler  motives  to 
his  sublime  hero  than  those  of  an  ignoble  liaison.  Clemens 
Komanus,  who  lived  in  the  second  century  after  Christ,  gives  both 
his  credence  and  condemnation  to  these  apocryphal  accounts;  and 
still  more  emphatically,  Tertullian,  who  lived  a  short  while  later. 
This  last-named  father,  in  his  treatise  on  the  Education  of  Women, 
inveighs  furiously  against  these  shameless  angels,  not  only  on  account 
of  many  damnable  arts  which  they  taught  mankind,  but  particularly 
that  they  should  have  so  corrupted  the  native(?)  simplicity  of  the 
female  portion  of  it,  "making  them  acquainted  with  sparkling 
stones,  by  which  to  variegate  their  necklaces,  and  golden  circles  to 
clasp  their  arms,  and  drugs  from  lichens  to  color  wool,  and  illud 
ipsum  nigrum  puloerem,  quo  oculorum  exordia  producuntur!"* 

Another  account,  referring  to  the  connections  between  men  and 
angels,  is  an  epistle  of  Isis  to  his  son  llorus,  that  the  angel  Amnael 
had  appointed  to  those  who  sought  his  favor,  as  a  reward  for  their 
compliance,  that  he  should  teach  them  the  mystery  how  gold  and 
silver  are  made,  and  that  he  had  also  so  done. 

Amojig  these  idle  stories,  there  is  one,  however,  which  deserves 
mention  as  a  curious  interpretation  of  an  important  Grecian  myth 
in  the  Chronicle  of  John  of  Antioch,  who  is  placed  in  the  seventh 
or  in  the  first  half  of  the  eighth  century,  is  the  statement:  "The 
Golden  Fleece  of  which  tradition  speaks,  was  a  declaration  written 
upon  sheepskin,  how  by  means  of  chemie  to  make  gold." 

This  method  of  interpreting  mythology  was  largely  extended  by 
other  writers  who,  in  their  unbounded  desire  to  lay  hold  on  all 
things  which  might  invest  the  subject  of  alchemy  with  portcntious 
mystery,  scrupled  not  to  find  latent  meanings  in  many  of  the  sim- 
ply-written lines  of  the  Iliad  and  Odyssey.  As  in  that  passage  of 
Odyss.  B.  VIII.,  V.  274  to  298,  which  narrates  the  well-known  story 

*  The  following  serious  foot-note,  appended  by  the  author  to  the  foregoing,  is 
too  good,  in  its  way,  to  be  lost.  It  makes  one  think  of  some  of  the  best  passages 
in  Knickerbocker's  History  of  New  York,  '*Here  and  in  the  following  places 
where  calliblepharum  tinciurae  is  mentioned,  as  previously  in  the  book  of  Enoch 
(8.  7),  reference  is  made  to  the  practice,  or  rather  the  malpractice,  of  coloring  the 
eyebrows  with  Spiessglanz  (Sulphide  of  Antimony),  and  so  increasing  their  arch 
(see  my  History  of  Chemistry,  IV.  Section,  Braunschweig,  1847,  s.  100).  The 
appeasing  of  female  vanity,  which  was  sought  by  these  means,  was  regarded  as 
having  its  origin  in  sin,  and  the  thing  itself  as  sinful,  just  as  in  our  own  time  the 
wearing,  of  chignons  is  regarded  as  sinful,  and  is  opposed  by  the  higher  authority 
of  the  church. 
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of  the  love  of  Venus  and  Mars,  an  old  mediaeval  commentator 
discovers  a  certain  chemical  mystery  in  which  Iron  in  the  person 
of  Mars,  and  Copper  as  Venus,  are  the  principal  characters.  So  an 
extract  from  Pindar,  Olymp.  IX.,  is  cited,  in  which  the  names  of  a 
number  of  the  gods  occur,  and  the  incident  narrated  is  asserted  to 
have  been  invented  to  convey  to  the  initiated  an  alchemical  truth  : 
Hercules  is  man  chemical,  in  common  language,  common  salt^  born 
from  father  acid  and  mother  alkali;  Pluto  earth  philosophical,  sal 
alkali  fixum;  Neptunus  Mercurius  or  alkali  volatile;  Phoebus,  Sul- 
phur^ and  so  on,  ad  nauseam.  One  author,  indeed,  goes  so  far  as  to 
assert  that  all  the  legendary  tales  of  Greece,  Phoenicia  and  Egypt, 
relate  to  Chemie. 

But  when  these  writings,  which  were  invested  by  mediaeval 
alchemical  writers  with  so  much  occult  significance,  are  scanned  in 
the  light  of  the  knowledge,  philosophical  and  scientific,  which  can 
be  made  to  shine  upon  them  at  the  present  day,  all  such  profound 
meanings  are  found  to  be  utterly  wanting.  And  the  same  remark 
applies  to  the  poems  of  Virgil,  especially  the  declarations  of  the 
Sybil  to  jiEneas,  (^neid,  B.  VI.,  v.  136,)  and  to  the  metamorphoses 
of  Ovid,  which  were  thought,  by  Petrus  Bonus,  Brachescus  and 
others,  to  mean  alchemical  transformations,  as  well  as  to  certain 
curious  Latin  inscriptions.  There  is  one  passage,  however,  which 
at  first  seems  to  afford  good  ground  for  supposing  that  alchemical 
processes  were  regarded  as  feasible  by  the  Eomans  in  the  first  cen- 
tury of  our  era.  It  occurs  in  the  Natural  History  of  Pliny,  where 
it  is  related  that  avarice  tempted  the  Emperor  Caligula  to  com- 
mand that  a  huge  mass  of  orpiment  should  be  operated  upon  in  the 
manner  which  he  had  heard  was  practiced  in  Sicily  for  the  making 
of  gold.  But  the  gold  resulting,  though  excellent  in  quality,  was 
of  so  small  amount  that  the  emperor  was  greatly  offended.  The 
narrative  itself,  however,  shows  that  no  transmutation  of  metals 
was  intended,  but  a  metallurgical  process  to  extract  from  the  orpi- 
ment the  frequently  occurring  gold  percentage.  Passing  over  a 
succession  of  later  authors,  we  come  to  one  in  whose  works  we  find 
undoubted  evidence  that  a  belief  in  alchemy  had  become  general, 
^neas  Gazaeos,  a  philosopher,  born  in  Gaza,  in  Syria,  towards  the 
end  of  the  fifth  century,  and  who  abandoned  the  doctrines  of  the 
Neoplatonists  for  those  of  Christianity.  In  a  discourse  upon  the 
Immortality  of  the  Soul,  he  says: — "Neither  is  it  incredible  that 
matter  can  be  changed  into  a  higher  condition.    For  even  among 
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us,  those  who  possess  a  knowledge  of  the  properties  of  matter,  take 
silver  and  tin,  and  the  former  nature  of  the  metal  being  taken  away, 
they  convert  the  matter  itself  into  something  more  subtle  and  pre- 
cious, and  even  work  out  the  purest  gold."  If  any  one  wonders, 
says  our  author,  that  a  man  could  have  such  credulity,  let  him 
read  towards  the  end  of  this  discourse,  where  it  is  related  with  the 
fullest  confidence  in  its  truth,  that  in  Lybia  a  confessor  of  the  faith, 
after  he  had  cut  out  his  tongue,  spoke  with  more  ease  and  clearness 
than  before.  The  foregoing  extracts  will  give  an  idea  of  the  nature 
of  some  of  these  contributions  to  chemical  history,  and  to  those 
who  delight  in  heavy  reading  we  commend  the  remainder. 


Proeeedingi  of  the  Stated  XontUy  Xeeting,  Xay  19th,  18€9. 

The  meeting  was  called  to  order,  with  Mr.  Henry  Cartwright 
Chairman,  pro  tern.  The  minutes  of  the  last  meeting  were  read 
and  approved. 

The  Actuarv  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  the  donations  received  at  their  Stated  Meeting  held 
May  12th  inst.,  from  the  Boyal  Astronomical  Society,  the  Boyal 
Society,  the  Chemical  Society  and  the  Society  of  Arts,  London  ; 
the  Association  for  the  Prevention  of  Steam  Bo^er  Explosions,  and 
the  Scientific  Students'  Association,  Manchester,  England ;  TAca- 
demie  des  Sciences,  et  la  Soci^t^  d'Encouragement  pour  Tlndustrie 
Nationale,  Paris,  France;  die  K.K.  Geologischen  Beichsanstalt, 
die  Osterreichischen  Ingenieur  Veriens,  Vienna,  Austria ;  the 
Smithsonian  Institution,  Washington,  D.  C;  the  Young  Mens'  As- 
sociation, Buffalo,  New  York ;  the  American  Pharmaceutical  Asso- 
ciation, Prof.  John  C.  Cresson,  Messrs.  Wenderoth,  Taylor  and 
Brown  and  William  P.  Fodell,  Esq.,  Philadelphia. 

The  various  Standing  Committees  reported  their  minutes. 

The  paper  announced  for  the  evening  on  Balanced  Slide  Valves, 
was  then  read  by  Mr.  Thos.  Adams,  and  was  followed  by  a  discus- 
sion upon  the  same  subject. 

The  Secretary's  Keport  was  then  read,  after  which  the  amend- 
ments to  the  By-Laws  of  the  Institute,  proposed  at  the  last  meeting, 
were  read  and  adopted. 

The  meeting  was  then,  on  motion,  adjourned. 

Henry  Morton,  Secretary. 
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PASCAL  IRON  WORKS, 

EstabllBfeied  In  1S31* 

MORRIS,  TASKER  &  CO., 

Wroa^llt  Iron  Welded  Tabes,  i-inch  to  8  inches  bore,  for  Steam 
Gas,  Water,  &c.,  with  T's,  L'b  Stops,  Valves,  &c.,  with  Screw  Joints  to  suit  tube*. 
Malleable  Iron  and  Brass  Fittings,  Glass  Blower  Tubes,  Blasting  Tubes,  &c. 

GalTanlzed  Tubes  and  Fittings  for  water. 

I^ap-Welded  Boiler  Fines,  1}  to  DO  inches  outside  diameter,  cut  to 
definite  lengths,  22  feet  or  under. 

Artesian  Well  Pipes,  of  wrought  Iron,  screw-coupled ;  flush  inside  and 
out.  Also  of  Cast  Iron,  6,  8,  10  and  12  inches  diameter,  with  wrought  bands ;  flush 
inside  and  out,   and  Fumps  for  same. 

Coils  of  Tube,  for  boiling  and  evaporating  by  steam  or  hot  water. 

Tuyere  Colls,  for  Blast  Furnaces,  and  tube  cut  nnd  fitted  to  plans  and  speci- 
fications sent. 

Double  Kettles,  for  steam  boiling  and  evaporating,  and  cooking  by  steaa, 

DryiniC  Closets,  heated  by  steam ;  Wash  Hou  es  and  Steam  arrangements, 
for  Public  Institutions  and  Private  Dwellings. 

Warming  and  Yentilatinir  Steam  apparatus  of  the  most  approved  plans 
for  Factories,  Public  Buildings,  Hotels,  Private  Dwellings,  Green  Houses,  &c. 
constructed  and  adapted  to  the  buildings  to  be  warmed. 

Bot  Water  Apparatus;  Tasker's  Patent  Self-Begulauug  Hot  Water 
Apparatus,  for  Private  Dwellings,  School  Houses,  Hospitals,  Green  Houses,  &c. 

Iron  and  Brass  Castings,  of  every  description. 

Cias  WorlL  Castings :  Retorts  and  Bench  Castings  for  Coal  Gas  Works ; 
Street  Mains,  Bends,  Branches,  Drips,  Lamp-posts,  Lanterns,  &c. 

^OSin  Gas  Apparatus,  for  Factories,  Public  Buildings,  Hospitals,  and 
Private  Dwellings. 

Oreen  House  Pipes  and  Boilers :  Fire  Doors  and  Frames,  Hot  Water 
Pipes  for  Forcing  Beds,  Pineries,  Garden  Rollers,  Ac. 

Columns,  Conduit  Pipes,  Pavement  Gutters,  Soil  Pipe. 

Batll  Tubs,  Sinks,  Sewer  Traps,  Soil  Pans  and  Traps,  and  Water  Close 
Arrangements. 

Scre^Fing   macbines.   Drill  Stocks,  Stocks  and  Dies,  Taps,  Reamer 
Drills,  Pipe  Tongs,  and  a  general  assortment  of  Gas  and  Stoam  Fitt-era'  Tnol.^  and 
Materials. 

WOB&S,  S.  Filtb,  between  Tasker  and  Morris  Sts. 
WABKHOITSE:  &  office^  ^09  S.  Tbird  St.,  Pbila. 
gTBPHEI  M0BW8,  HMTM  0.  MOEBIfl 

THOB.  T.  TABKEB,  Jr.  -P-  *  ^^^ 
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"  H.  HOWSON'S 

^         FORREST  BXJILDllffGS. 
Xo.  119  South  FouHh  Street, 

PHILADELPHIA. 

▲ICD 

MARBLE  BUILDINGS, 
No.  460  SEVENTU  ST., 

(Oppodto  U.  8.  Patent  Offlo»») 

WASHINGTON.  D.C. . .     ' 

WASUMTil. 

BBINCIBAL  OFFICES,  FHILADELFHIA. 

H.  Howsov  prepares  Speeifleationt,  Drawings,  Assignments,  Agreements,  ^bc. ; 
conducts  Interferences,  Appeals,  Applications  for  Ke-issues,  Extensions,  &c«; 
attends  to  the  Filing  of  Caveats,  reports  as  to  the  Patentability  of  Inyentions,  and 
acts  as  Consulting  Attorney  in  saits  respecting  Patents. 

The  Washivotov  Ovvicbs,  in  charge  of  a  trained  and  confidential  clerk  of  the 
estabiifhment,  and  visited  at  fre<)uent  intervals  by  the  proprietor,  enables  the  latter 
io  make  preliminary  examinations  promptly,  to  prosecute  rejected  a{>plications 
•without  delay,  and  to  retain  in  his  charge  all  cases  entrusted  to  him,  instead  of 
resorting  to  the  common  but  dangerous  practice  of  handing  them  over  to  irrespon- 
sible practitioners. 

A  JloDBL  DKPABTMvyr,  in  diarge  of  one  of  the  most  expert  meoha|iios  in  the 
city,  forms  a  part  of  the  establishment  in  Forrest  Buildings,  and  affords  to  inventors 
an  opportunity  of  having  their  models  made  promptly,  secretlv  and,  at  moderate  cost. 

Parties,  on  application,  can  obtain  pampnlets  relating  to  both  United  States  and 
Foreign  Patents. 


BnrllngtoB,  Iowa,  OelolMr  2d»  18ST. 
DiAS  Sim:  I  takt  thli  occasion  to  state  to  7011,  that  Ibr  MTeral  jtttn  patt  I  hara  baan  seqnalntad  witb 
kha  nannar  In  which  jou  bata  eoiidocted  jonr  busincM  aa  Pntaot  Solicitor.  Thia  haa  alwaja  baaa  highly 
cradiUble  to  jotiraalf  ami  tatUfkctorj  to  tba  I'atant  Offlce.  You  uaderstood  your  caaea  well,  and  pnnutod 
thani  la  that  intalliglbla  form  which  genarnllv  Inaored  racceaa.  I  maka  thIa  Certllloate  la  hopaa  that  It 
Biay  ba  aarrlorable  to  yon  In  continuing  to  find  that  amplojraMat  In  jFoor  prtteihia  to  wUchjoarlBiaatij, 
lataUJgiraoa  awl  eonrtaoua  bearing  aojubtly  tiutiUa  you. 

Toon,  Tary  truly, 
fliIlsmTnows«a.li«.  CUAfl.  MASOX,  Lata  ( 


BoatomOtMbtr  tli,lt6ib 
Mr  DiAB  81m  t  It  gfvaa  ma  irrvat  plraanra  to  giva  my  teatinumy  aa  totha  manner  In  which  yon  coadnrtad 
yonr  baainaaa  aa  a  BtJIcltur  of  l*aU*nta.  dnrins  tb«  four  yenra  that  I  waa  Chief  Clark  and  Kiaoativa  Ottaar 
«f  the  U.  8.  I'atont  Ollloa,  and  fi*r  a  ouiialdarHble  period  Acting  Cooimiaeionax. 

Unrlnc  thai  time  yonr  buain««a  at  the  Fati*ni  Ufflca  waa  turpaiaed  in  aslant  bat  hy  ona  flnn  ta  Nav  Toik. 
The  papara  preaeatad  by  yoo,  apadfloationa.  tlrawinga.  curreapoudanoa.  ACm  were  invartably  modaiaof  aaa»> 
aeaa.  acenmcy  and  leftnl  prednion.    They  were  frequantlv  pointed  ont  to  yoangar  aolMtora  aa  aawog  tka 
beat  rsiunpli«  and  praoedeaia  for  practice  In  the  ofttoe.    Yonr  interoonraa  with  tha  olBoa  waa  ao  eoadaelad 
that  all  tba  rlvhta  ti  yonr  elianta  were  eeenred  without  peraooal  controTersy.    With  tha  beat  opportaaltiaa 
•f  Jndxfng.  I  do  notheaiiata  to  say,  that  your  thorouch  knowledge  of  mechanics  and  patent  law  plaeaayoa 
in  tba  ftist  rank  uf  tha  SoUdtora  of  l^sMnta  nf  tha  United  States. 
Very  tmlj,  yonrs. 
JOHN  L.  QATES,  Late  Chief  Qerk  and  ExecaUta  Offloar  U.  8.  PstMit  QOfli^ 
n.  OawMS,  Esq.,  rhUadelphla,  l-a. 


Washington,  D.C*  Novamha* 
I  fUly  and  rbeerfhily  endorse  the  statement  made  by  Mr.  Bayas  la  theahora  latter,  r 
I  to  tha  oatconaga  of  the  Inrentors  of  tha  conntrj. 

D.  P.  HOLLOWAT.  ] 
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VALUABLE       TEXT-BOOKS 

PUBT.ISHED  BY 

JOHN  WILEY  &  SON, 

2  CLINTON  HALL,  ASTOR  PLACE,  NEW  YORK. 


WOKKS  OF  S.  EDWAKD  WAEREHf  C.  E. 

PROFES^R   OF  DESORIPnyE  OB03IETERT,   BTC^   IX   TUB   RBN88ELA1BB   POLrTBCHKIG 

nwxrnjTB,  tegy,  h.  t. 
'     CONSTRUCTIVE  GEOMETRY  AND  INDUSTRIAL  DRAWING. 


TlM  JbUotrins  works,  piibliah«d  anooeatlvoly  alnoe  1860,  hare  been  well  reoolTed  by  all  the  adentiflc  and 
litacary  parlodioaU,  and  are  in  use  fa  most  of  the  JSngineerlng  and  **  Soientiflo  Sohoola  "  of  the  oooniry ;  and 
tho  eloMntaiy  onet  In  many  of  the  higher  praparatorj  achoola. 

Tba  Aathor,  bj  hts  long  unbroken  oonneotlon  with  the  Inatitnte  at  Troy,  hai  ei\Joyed  ftdlltiea  for  the 
prtp*r»ttop  of  his  works  which  entitle  them  to  a  ftiTorable  eonsidaration. 

I.-SIiBMKirTABT  -WOBKB. 

TboM  are  defllgned  and  compoeed  with  great  care;  primarily  for  the  nse  of  all  higher  public  and  private 
aebools,  In  training  stndenU  fur  enbeequent  profeislonal  study  in  the  Engineering  and  Scientific  Sohools; 
iheo,  proTislonaliy,  for  the  use  of  the  latter  institutions,  until  preparatory  training  shall,  as  is  rwj  desir- 
able, more  generally  Include  their  use;  and,  finally,  Ibr  the  self-instruction  of  Teacheri,  Artisans,  Build- 
•rs^ate. 

l^BIfBMSNTART  PIiAlffa 
PAOBIjSSMS.  On  the  Point,  Straight  Line 
and  Gbule.  Diviskm  I.— Preliminary  or  In- 
stmiiMntal  Problems.  Dtrisionll.— Oeometrl- 

eal  Problems  12mA,  cloth. $1  26 

S^DBAPTinO  IHSTRUMKIf  T  S 
AVB  0PKRATI09S.  IM^on  L~ 
lofltrumeuts  and  Materials.  Division  II  — 
Use  of  Drafting  Instruments,  and  Representi- 
tion  of  Stone,  Wood,  Iron,  etc.  Division  UX. 
— Frackical  Jfikefcisea  oo  Objects  of  Two  Di- 
meii9ioii8(  Pavements,  Masonry,  Fronts,  etc.) 
DMaion  IT.— Blemeotary  JEstheUcs  of  Geo- 

metrieal  Dmwtnx.    One  Yol.  12mo.  cloth 125 

S«--KI«B»K9ITARY  PROJrBC- 
T109  DRAWING.  Third  ediUon, 
I  e vised  and  enlarged.  lu  five  divtsioas.  I. 
— PrcleeCiottS  of  Solids  and  Interaeotiona.  II. 
— Wooi«  fltooe,  and  Metal  dt4ails  in.— 
Elementary  Shadows  and  Shading.  IV.— 
IsoBetrleal  aad  OiMiiet  Prq|ectiona  (Mechan* 


leal  Perspective).  T.— Blementary  Stmo- 
turas.  This  and  the  lost  volume  are  espedally 
valuaMe  to  all  Mechanical  Artiaana,  and 
are  particularly  recommended  for  the  nse  of 
all  higher  publio  and  private  schools.    12ma 

cloth...- H  M 

4.-RX.1BMBBrTARY  lillTRAR 
PBRSPBOTIVB  OF  FORMS 
AV1>  BHADOIVS*  With  many  Practi- 
cal examples.  This  volume  Is  complete  inltasli; 
and  differs  (torn  most.  If  not  all  ether,  elemen- 
tary works  in  clearly  demonatrating  the  prin- 
cipleB  on  which  the  practical  rules  of  per- 
spectlTO  are  based,  without  including  such 
complex  problems  aa  are  usually  Ibnnd  In 
htgliMT  works  on  perapectivt*.  It  is  desigped 
especially  for  Toung  Ladles'  Semfnarlea, 
Art  lata,  and  Schoola  of  Design,  as  well  as 
Ibr  the  institutions  above  mentioned.  One 
voL12mo,  cloth 1  00 


II. -HIGHER  IBV'ORKS. 


Tbeee  aredeaigned  prfadpally  fcr  sehoda  of 
ally  of  those  proftssions. 

l^-CmBRAI.  PROBI»BMft  OF 
ORVHOORAPHIO   PRO^TBC 
TIOVS*    Being  a  quits  eztemled  collection 
avuZhifl'  •         


ofaieaeaftity  ana  higher  proUamsof  Deeorip- 
tlve  Oeoasetry.   1  voL  8vo^  ftill  oloth,  numsr- 

one  la^ge  plates. 

'  A  thoroughly  remodelled  edition  of  this 


Engineering  and  Arohftsoture,  and  Ibr  the  members  geoer- 

IT.-rin  pvereratioo.l  BI.BXBXTII 
OF  MACHIirB  COHSTRUOTION 
AMD  DRAIiriMG.  On  a  new  plan, 
and  enriched  by  mttny  standard  and  lovel 

,00  !????!«  «'P"-""~«-^""'- 


woilc  la  Inprepan 

n.— OBMBRAI*  PROBI.EMS  OF 
■BAOBS    AMD    SHADOWS.     In- 

dudlDg  a  wide  range  of  problems,  and  a 
thoBvagh  dbeoiislon  of  tha  prindples'of  shad- 
ing.   1   voL  Svo.   With  numerous  plates, 

doth.........^ .....-, 

III^HIOHBR  I.IMEAR  PBIU 
SPBCTITB.     Containing  a 


8<K> 


itaining 

of  various  mnhods  of  petspactive 
;  a  fhll  set  of  standard  problems; 


and  aearetel  diseusilan  of  special  higher  ones. 
With  Bttmeroas  large  platea^  Svo,  cloth.. 


4  00 


MOTBS  OM  POIiYTBCHMIO  OR 
SOIBMTIFIO    SCHOOI^S  in  the 

United  States:  their  nature,  positloii  Alms, 

and  wants.    Svo,  paper $0  40 

Under  this  title  ia  praeonted  a  taKIar  view 
of  tho  exiating  acientific  aehoola  of  the  United 
States,  together  with  many  dhservatlonB  en 
the  organlaarlon,  courses  ef  study,  and  ad- 
ministration of  Buch  aehoola;  beaidea  their 
relations  to  other,  and  espedallv,  preparatory 
education ;  the  whole  being  of  interest  to  the 
many  educators  who  would  modtiy  existing 
preparatory  sdioob  to  meet  the  wants  of  the 
Engineering  and  other  Sdentiflc  Schools. 
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J  .x^  BOH  A.TOR  Y 

POK  THB 

ANALYSIS  OF  COALS,  GASES,  &c. 


Especial  attention  friven  to  the  Analysis  of  Coals  and 

the  determination  of  their  fitness  for  the 

production  of  Gas,  or  for  use  in 

Smelting,  or  for  Steam 

purposes. 

Heating  power  expressed  in  value  of  best  hard  and  soft  coals 

in  the  market. 

ALSO, 

GAS  ENGINEERING  AND  COMMISSION  AGENCY, 

For  procuring  Coals,  Castings,  Fire-brick  and  Tile ;   and 

all  other  materials  for  the  construction  and 

repairing  of  Gas  Works. 


»0R  THE 

SKLECTIOR  AND  PREPARATION  OF  COAL  FOR  ANALYSIS. 


In  the  seleotion  of  samples  of  Coal  for  analytical  examination,  take  the  samples 

f far  rom  out-crop  as  possible,  with  specimens  from  the  centre,  top  and  bottom 
fyein. 

It  is  well  to  collect  several  hundred  pounds  indiscriminatehr,  and  hare  it  broken 
fine,  and  thoroughly  intermixed;  from  this  mass  take,  say  50  pounds,  and  grins 
xt  to  a  coarse  powder;  mix  thoroughly^  and  weigh, out  five  pounds,  which  tran< 
mit  for  analysis. 

Accompanying  MMb  sample  ihould  be  a  lamp  specimen*  (say  i  lb.,)  from  centre 
and  sides  of  vein. 

Care  should  be  taken  to  include  an  average  amount  of  pyrites,  or  other  impnrity 
occurring  in  the  CoaL 

A  memorandum  should  accompany  coal  intended  for  an  especial  purpose,  and 
the  examination  will  be  directed  to  its  suitability  for  such  purpose. 


m.  CHAELES  M.  CRESSON, 

417  WJLDmiT  STREET, 

SK3HT7YT-.TCIXJLI     NA.ViaA.TION     X1X7IXlT>INO,) 

PHILADELPHIA. 
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BROOKLYN,  NEW  TOJRK, 


BRASS  AND  IRON  FOUNDERS, 

Also,  Makers  of  Sugar  Mills,  Oil  Presses,  and  all  Machinerj  pf' that 

heavy  description  used  in  the  Arts  and  Manufactures.     More 

particularly  we  desire  to  call  attention  to  oar 

OZXj    X=>I^ESSES, 

And  especially  for  Cotton  Seed,  which  is  daily  becoming  of  more  im- 
portance, from  the  value  of  the  Oil,  aud  nutritious  quality  of  the 
Cake  as  an  article  of  Feed.     These  Presses  of  Fiva 
Bags  made  by  us  are  superior  to  any  others^ 
in  the  production  of  oil,  and  are.fiu> 
nisfaed  with  the 

MiRg  Rells  and  Un|  Pan,  and  Diining  Mactiiner;, 

ALIO  AU  PAKT1CUI.au  IM  RXOAKD  TO 

FEE'S  PATENT  NULUN6  MACHINERY  IN  CONNECTION. 
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PEOPLE*S    WORKS. 


BvirsirosvB  « irAf&os, 

Manufix^urera  of 

High  and  Low  Pressure 
Stationary  Steam  Engines^  Sugar 
Mills,  Saw  Mills,  Grist  Mills,  Marine  Rail- 
ways, Blowing  Cylinders,  Pumping  Engines,  Hoist- 
ing,  Stamping  and   Mining  Machinery  in  general, 
Hydraulic  Presses,  Cranes,  Boilers,  Rolls,  Punching  Machines, 
Shafting,  Pulleys,  Hangers,  &c.,  and  Machinery  of  all  descriptions. 
Steam  Boilers,  Ship  Tanks,  Sugar  Boilers,  Cast  or  Wrought, 
Coolers,  Pans,  Ac.    Soap  Pans  and  Curbs  of  all  sizes, 
either  Cast  or  Wrought.     Retorts,  Meters,  Stills, 
&c.   Steam  Pipes,  Building  Fronts,  Col- 
umns, &c.,  fitted  and  put  up. 
We  are  also  prepared  to  execute  all  orders  for  Heavy  and  Light 
Castings,  either  in  green  Sand  or  Loam,  of  Iron  and  Brass,  at  the 
shorteiBt  notice. 

JOHM  HinVgWORTH, 
JA€OB  1VAYE.OR, 

Cor.  Girard  Avenue  and  Front  Streets. 

KenMnQtan,  Philadelphia. 


PRACTICAL  &  ANALYTICAL  CHEMISTRY, 

CharU  Street,  Tenth  Street  below  Market, 

(BMr  of  St  SUpbea*!  Oh1lr«l^) 


•  BSTABLISHED JN  1836. 


miS'i"*®^*®"  e^«"  ^°  CHEMISTRY.  MINERALOGY  and  GEOLOGY,  by  LEO 
IJJSIf  "i?l^^I^^^»  ^^**^  especial  referaioe  to  ANALYSIS.  MANIJFAC. 
TURES,  AND  MEDICINE. 

Analjm  made  of  Ores,  Minerals,  Guanos,  Waters  and  artides  of  oommeret 
and  manafacture.    Opinions  given  on  ohemioal  questions. 

^         ^  ^  BOOTH  &  GARRimr. 

Javm  a  Booth, 
Tfios.  U.  Qabbxtt. 
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DAEUKa»  BK6WN  &  SHABP£, 

PBOriDENCE,  B.  J.. 


MAKXJ7A0TUREK8  07 


U.  S.  STANDARD  RULES, 

AMES'  UNIYEESAL  SQUARES, 

PATBNT   HARDKHSD  CAST    STBBI.    TRY  S^UARBS,  THB  AMFPTCAH 

^STANDARD  IVIRE  OAUGB,  BBVBI<  PROTRACTORS,  HARDBN BD 

T  S^UARBS  AND  BBVBI«8,  CBNTRB  GAUGBS,  BOXIV'OOD 

TRIANGULAR  SCAI.B8,  VBRNIBR  CAI«IPBRS» 

CAIjIPBR  SaVARBS  J&  RVr.BS,  PLtTMB 

BOBSt  PAPBR  DRAIVINO 

8CAI«BS» 

Willii's  Odonto^raphs,  Steel  Straight  Edgei  and  T  Square  Bladfi. 

niustrc^tea  Price  X^lst  sent  per  mall  on.  appUoatlon. 


M'COLLIN  &  RHOADS, 

plumbers,  ^icam  anb  (ias  Jfiltcrs, 

1221  Market  Street,  Philadelphia. 


rHILAl>ELPHIA  AQEKTS  FOB  THE  SALS  OV 

A.  S.  CAMERON  &  CO.  CELEBRATED  STEAM  PUMPS 

FOR  BO!LER  FEED,  FIRE  PURPOSES    MINING.  ETC. 
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DRAWING. 


ri  aHE  subscriber  would  respectAilly  inform  bis  friends  and  tbe  public,  that  hecon- 
1  tinues  to  give  instruction  in  MAOHU^B,  ARCHITECTUJiAL,  TOPOGRA- 
PHICAL, and  LANDSCAPE  DRAWING,  and  PAINTING  in  OIL  and  WA- 
TER COLORS.  Day  and  Evening  Classes  at  the  office,  and  instructions  given  in 
Schools  and  Families.   Drawings  for  Patents  correctly  made,  and  Designs  furnished. 

WM.  E.  KERN, 

No.  229  North  Tenth  Street. 


Experience  as  Constructing  or  Consulting  Engineer  on  three  Steam  and  five 
Horse  Railways,  seven  Water  Works,  six  River,  Harbor  and  Canal  ImprovcmenU, 
Pumping  and  Marine  Engines,  U.  S.  Dry  Dock,  &c.,  &c. 

Office,  No.  48  Pine  Street,  Boom  27,  New  York. 
Residence,  No.  42  Johnson  Street,  Brooklyn. 

LOCOMOTIVE  WORKS, 

SiTo.    OOO   ST.    IDroaca.   8tz*oot, 


Manufactare  Locoxotivx  Engiktss  of  the  most  approved  construction  and 
perfect  adaptation  to  all  the  variety  of  circumBtances  under  which  they  can  be 
usefully  employed ;  ranging  in  weight  from  ten  to  thirty-six  tons,  and  using  one- 
half,  two-thirds,  three-fourths,  or  the  whole  weight  for  adhesion,  as  the  grade  of 
the  road,  or  business  to  be  done,  may  render  desirable  or  necessary. 
Patterns  of  Tarions  sixes  of  each  of  the  following  plans,  yiz: 

Plan  A  and  B,  1  pair  drivers  and  trucks,  for  Passenger  business  exclusively. 
"     C  2       •«  •'  '•         or  Freight  business. 

««     D  3       "  "1 

*•     D  3       "  *'  V  for  Freight  business  exclusively. 

««     B  4        «  *•  j 

The  D  and  £  plans  are  partieularly  adapted  to  roads  having  heavy  grades  and 
abrupt  curves.  The  tempera^  track  connecting  the  Eastern  and  Western  divi- 
sions of  the  Virginia  Central  Railroad,  having  grades  of  295  feet  rise  per  mile,  and 
curves  of  300  feet  radius,  has  been  successfully  worked  for  two  years  past  by  six- 
wheel  D  Engines  of  our  make. 

The  matenaU  and  workmanship^  ^ficieney  and  durability ^  economy  offitd  and  re- 
pairgf  are  guaranteed  equal  to  any  other  engines  in  use. 
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ESTABLISHED  1851. 

J.  EEYNOLDS  &  SON, 

N.  W.  Cor.  Thirteenth  and  Filbert  Streets, 

pm)bAn£K,pmA,  pa., 

SOLE  MANUFACTURERS  OF  THE  CELEBRATED 

WROUGHT  IRON  AXR-TZ6BT 


M  ^0HMi}ii$i$  ^Ciitet 


with  Patent  Dust-Screen,  Grate-Bar  Rests 

JLHD 

WROUGHT  IRON  RADIATOR. 


Thi8  cut  represents  oar  Heater  vith-  the  Patent  Wronght  Iron  Radiator 
attached.  It  is  made  of  heavy  iron,  well  riveted  together,  and  is  permanently 
attached  to  the  Heater ;  openings  for  cleaning  from  the  oatside  af  hrick  chamber 
are  provided,  so  that  it  can  be  done  at  any  time  by  any  person.  Our  Heater  has 
undoubted  and  decided  advantages  over  every  other  lleating  Apparatus  now 
offered  for  sale,  especially  for  burning  Bituroinuus  Coal. 

We  desire  to  call  the  attention  of  those  in  want  of  Cooking  Apparatus  to 

OUR  OWN  CELEBRATED  RANGES  (three  sizes). 

HARRISON'S  IMPROVED  EUROPEAN  RANGES  (thirty  siies). 

IMPROVED  FRENCH  RANGES  AND  BROILERS 

For  Hotels,  Restaurants,  &o. 

And  OUR  PATENT  FLAT-TOP  HEATING  RANGE. 

LATROBE  HEATERS,  SLATE  MANTELS, 

LOW-DOWN  GRATES,  PORTABLE  HEATERS, 

'    REGISTERS,  VENTILATORS,  &o.,  Ac. 

i^Send  for  one  of  our  Illustrated  Pamphlets.*^dS 
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WILLIAM  SKLLKR3.  ^OHN  SBLLKKS,  Jn. 


WM.  SELLERS  &  CO., 

machinists;  founders;  smiths' 


AND 


With  Ball  and   Socket-bearings   and  Double   Gone  Vise-couplings, 
admitting  of  the  easiest  possible  adjustment. 

PULLEY  AND  WHEEL  PATTERNS, 

From  which  Castings  or  Finished  Work  will  be  furnished. 

RAILWAY    EQUIPiMENTS, 


80LB  MAH  (JFACTUEEBS  AND  LICEN8BBS  Of 

GtTFFAJEtD'S    nSTJEOTOR, 

For  Feeding  Boilers. 
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bl^k:e's 


STON£  BREAKER. 


The  office  of  this  machine  is  to  break  stones  of  every  sort  to  a 
suitable  size  for  road  making,  railroad  ballasting  and  concrete,  and 
to  break  Ores  and  Minerals  of  every  kind  into  small  fragments, 
preparatory  to  their  further  comminution  by  other  machinery. 

It  has  now  been  in  use,  enduring  the  severest  tests,  for  the  last 
ten  years,  during  which  time  it  has  been  introduced  into  almost 
every  country  on  the  globe,  and  is  everywhere  received  with  great 
and  increasing  favor  as  a  labor-saving  machine  of  the  first  order. 

Illustrated  circulars,  fully  describmg  the  machine,  with  ample 
testimonials  to  its  efficiency  and  utility,  will  be  furnished  on  appli- 
cation, by  letter,  to  the  undersigned. 

^gTThe  patents  obtained  for  this  machine  in  the  United  States 
and  in  England  having  been  fully  sustained  by  the  courts,  after 
well  cont^ted  suits  in  both  countries,  all  persons  are  hereby  Cfau- 
tioned  not  to  violate  them ;  and  they  are  informed  that  every  ma- 
chine now  in  use  or  offered  for  sale,  not  made  by  us,  in  which  the 
ores  are  crushed  between  upright  convergent  feces  or  jaws  actuated 
by  a  revolving  shaft  and  fly-wheel,  are  made  and  used  in  violation 
of  our  patent. 

BLAKE  BB0THEB8,  New  Haven,  Conn. 
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MACHIlsriSTS*    TOOLS. 


>'^*^'m^-^'^- 


INDUSTRIAL  WORKS, 

PHILADELPHIA. 


HiciiiE  IP.  FiniiY.  sun  m  m  niiui  ir  iinniEm 

Lathes,  Planing,  Shaping,  Slotting,  Boring  and  Turning,  and 

Wheel-cutting  Machines.     Vertical,  Radical,  Horizontal 

and   Suspended   Drills.      Cotter-hole  and  Key- 

scat  Gutting  Machines.     Milling,  Edging, 

Drilling  and  other  Gun  Machinery. 

BOLT  AND  NUT  THREADING  MACHINES. 

DRIVING-WnEEl  LATOES,  (DARTERING  IIAGHINES,  WHEEL  PRESSES 

AND  OTHER 

STfiAXn  HAMXafiRS, 

Cupolas,  Cranes,  Ladles,  Forges,  Slowers,  Piping,  etc.     Punching 
and   Shearing   Machines.      Bending   Bolls,   Plate- 
planing,  Angle-iron  Cutting  and  other 

SHAJFTIIsrGh, 

With  improved  hangers  and  pillow-blocks,  haying  both  vertical  and 
hori2ontal  adjustment  and  self-adjustment  ball-bearings. . 

PULLEY  AND  GEARING  PATTEKNTS, 

From  which  Castings  or  Finished  work  will  be  furnished. 

BEMENT  8b  DOUGHERTY. 
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WM.  A.  SWEET  &  CO. 

OF  SYRACUSE,  N.  Y.» 

ARE  NOW  PREPARED  TO  MANUFACTURE  TO  ORDER 

With  Sweet's  Improifed  Balance  Valve  &  Variable  Cut-Off. 


This  Valve  Motion  gires  our  Hammers  more  range  and  force  for  large- sized 
work,  and  greater  delicacy  and  precision  for  small  work,  combined  with  entire 
economy  in  use  of  steam  (equal  to  the  Corliss  Engine,)  than  any  other  Hammer 
eTer  offered. 

They  use  steam  in  proportion  to  the  work  done.  The  Valve  Motion  is  very 
simple  and  durable ;  is  made  of  the  best  Norway  Iron,  and  case-hardened,  and  all 
the  work  is  done  in  the  best  style  and  finish. 


Weight  of  , 
Httmncr  in 
lbs. 

Blows  p«r 
Minute. 

KIseof 
Hftmmor. 

1 
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10  in.       1 

3}  in.  to  1    in. 

1          7,000 

600 

260  to  350 

16  in. 

6}  in.  to  1}  in. 

15,000 
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200  to  300 

20  in.       1 

7    in.  to  3    in. 

20,000 

1,500 

150  to  250 

30  in.       ! 

1 

10    in.  to  5    in. 

30,000 

2,000 

100  to  150 

40in.       1 

14    in.  to  8    in. 

40,000 

Foundation  Drawings  will  be  forwarded  in  season  to  get  foundation  ready  for 
iho  HamYner,  and  a  competent  workman  will  be  sent  to  set  the  Hammer  and  give 
inatmctions  for  working,  at  the  expense  of  the  purchaser.  Price  includes 
Wrenches,  Fonndatfon  Bolts,  Bed-Plate  and  Anvil  Blocks,  delivered  on  board 
the  cars,  boxed  and  packed,  in  good  order. 

Terma,  Cash. 

Pies  and  Die  Chills  extra,  at  10  cts.  per  pound. 

WM.  A.  SWEET  &  CO., 

SYRACUSE^  N.  T. 


Digitized  by  VjOOQ IC 


Cfor.  S.  Front  &  Seed  Sto.,  &  Nos.  614  &  616  Market  Street^ 

P  Hlli  ADELPHI  A. 

Mannfaotare  Enamelled  Evaporating  Dlehes ;  Iron  Mortars,  of  different  stjles ; 
Tinned,  Tamed,  and  Plain  Enamelled  Cauldrons,  from  12  to  120  gallons,  with 
an  assortment  of  otber  artioles  snitaUe  for  Chemists'  nse. 

N.  W.  Cor.  23d  Street  and  Sixth  Avenue, 

(New  York  College  of  DentlBtry,) 

Office,  8V  Park  Row,  American  Journal  of  Mlnlnff. 


Assajs  and  Analyses  of  all  kinds.    Practical  advice  and  inrestigations  in  the 
asefnl  arts.    Reports,  Instruction,  etc. 

Dr.  ADOLPE  OIT. 


Sibil  §lngitt«(itiag  ^IS|inti$litQ 

THE  SPRING  SESSION  WILL  BEGIN  AFBIL  7th. 


Inntraction  will  be  given  in  Civil  Engineering,  Mining,  Metal- 
lurgy, Chemistry,  &c.  The  unrivalled  collections  of  Books,  Instru- 
ments, Models  and  Manuscripts  of  the  late  Prof.  Gillespie,  added  to 
those  of  the  College,  furnish  excellent  facilities  for  instruction  in 
these  departments.    For  circulars,  address 

GEOBGE  GILBERT,  Registrar, 

SCUKBCTADT,  H.  T. 
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MERRICK  Sb  SONS 

PHILADELPHIA, 

Sieam^ESnffine^f-'FoT  land  or  marine  service;  horizontal,  beam  or  rerticaL 
Oscillatorg  of  sizes  ranging  as  follows :  8  z  10 ;  10  x  13 1 
14x14;  18x12. 

SOLK    MaNUFACTUBKBS    in   PniLADXLPniA  AITB  TICIHITT, 

OF   WKIGHT'S  PATENT   VARIABLE  CUT-OPF 
ENGINE,  the  best  yet  introduced. 
JBoifora— Cylinder,  fine  and  tubalar. 

Sieatn-'JBLafnniers,  of  Nasxnyth  or  Davy  styles,  with  the  most  recent  improre- 

ments,  and  of  all  sizes. 
Strahan'0  Brill  Grinding  Best,  and  Twist  Drill-Holder. 
€kutings — Loam,  dry  and  green  sand,  brass,  &c, 

JSOo/»— Iron  frames  for  covering  with  slate  or  iron — neat,  durable  and  ooonomical. 
Oa^'HolderB  of  every  description.    Builders  of  Holders  for  the  PhUadelphim 

Oaa  WorkSj  of  100  and  1^0  feet  diameter. 
Tanlss  of  every  form,  for  sugar  estates,  refineries,  oil,  &c. 
Gas  Machinery  of  every  description,  including  Betorts,   Bench-castings, 
Holders   and  Frames,  Purifiers,  Coke  and  Charcoal 
Barrows,  Gas- Valves,  Governors,  HoisUng  Machines, 
&^ 
Manufacturers  for  the  American  Meter  Company  of  their 

Patent  Dry  Centre  Valve  for  changing  purlfion. 
BarioTs  Patent  Wrought  Iron  Betort-lid— dural^le,  light  and 
cheap. 
Sugar  XacUinevy^  such  as  Vacuum  Pans  and  Pumps,  Defecators,  Bone-BIack 
and  Bag  Filters,  Bone-Black  Burners,  Washers  and 
Elevators,  Hydraulic  Elevators,  Sugar  and  Bone-Blnck 
Cars,  Strike  Heaters,  Open  Steam  Trains,  &c. 
Qla»e  ^  BarioVe  improvement  on  Aspinwall  A  Woolsey*s 

Centrifugal  Sugar-Draining  Machines. 
y.  RillieiuB*s  Patent  Sugar-Boiling  Apparatus,  applicable 

to  Beet-Boot  and  Cane  Sugar. 
Sole  manutacturen  in  the  United   States  of    Weston  $ 
Patent  Self-centering,  Self-balancing  Centrifugal  Sugar 
Draining  Machine. 


Having  had  twenty  years  experience  in  the  manufacture  of  Sugar  Machinery 
for  Cuba,  South  America  and  the  United  States,  they  are  prepared  to  contract  for 
I  he  design  and  erection  of  apparatus  for  noAking  Sugar  from  Beet-Boot  or  Canei 
and  for  refineries  for  either  Sugar  or  Molasses. 

They  are  also  in  possession  of  plans  of  the  most  recent  improvements  in 
machinery  used  in  France  and  Germany  in  the  manufacture  of  Beet-Boot  Sogar. 
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THE  BOYDEN  PREMIUM. 


URIAH  A.  BOTD£N,  Esq.,  of  Boston,  Mass.,  has  deposited  with  thel^a^fc^ 
Hfk  InMiute  the  sum  of  one  thousand  dollars,  to  be  awarded  as  a  Premiam  to 
**  any  resident  of  North  America,  who  shall  determine  by  experiment  whMer  all 
rays  of  light,  and  otlier  pJiysical  rays,  are  or  are  not  transmitted  with  the  same  ©e- 
lodty," 

The  following  conditions  have  been  established  for  the  award  of  the  Premiam: 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  Premium ;  the  southern  boundary  of  Mexico  being  considered 
as  the  southern  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  '^Wm.  Hamilton,  Actuary  of  the  Franklin 
Institute,  Philadelphia,"  a  memoir  describing  in  detail  the  apparatus,  the  mode 
of  experimenting  and  the  results;  and  all  memoirs  received  by  him  before  the 
first  day  of  January,  one  thousand  eight  hundred  and  sixty-eight*  (1868,)  will, 
as  soon  as  possible  ader  that  date,  be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  will,  before  the  first  day  of 
January,  one  thousand  eight  hundred  and  sixty-eight,  select  three  citizens  of  the 
United  States,  of  competent  scientific  ability,  to  whom  the  memoirs  shall  be  re- 
ferred ;  and  the  said  Judges  shall  examine  the  memoirs,  and  report  to  the  Frank- 
lin Institute  whether  in  their  opinion,  any,  and  if  so,  which,  of  the  memoirs  is 
worthy  of  the  premium.  And,  on  their  report,  the  Franklin  Institute  shall  decide 
whether  the  Premium  shall  be  awarded  as  recommended  by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  sign  by 
which  it  can  be  recognized  and  designated,  and  shall  be  accompanied  by  a  sealed 
envelope,  endorsed  on  the  outside  with  the  same  motto  or  sign,  and  containing 
the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the  duty  of  the 
Actuary  of  the  Franklin  Institute  to  keep  these  envelopes  securely  and  unopened 
until  the  Judges  shall  have  finished  their  examinations ;  when,  should  the  Judges 
be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the  Premium,  the  corres- 
ponding envelopes  shall  be  opened,  and  the  name  of  the  author  commnnioatod  to 
the  Institute.     The  other  envelopes  shall  be  destroyed  without  being  opened. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoir  which  may  obtain  the  Premium,  shall  become  the  property  of 
the  Franklin  Institute  and  shall  be  published  as  it  may  direct.  Any  unsucoessfal 
memoir  will  be  returned  to  the  author  at  his  request. 
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VALUABLE  SCIENTIFIC  BOOKS. 


A  Dictionary  of  the  Soltibilities  of  Chemical  Sub' 
stances.  By  Prof.  F.  H.  STORE R,  of  the  Massachusetts  Institute 
of  Technology.  1  vol.  in  3  parts,  8  vo.,  paper  covers,  per  part,  $2.00. 
Whole  work,  cloth,  $t.50. 

The  work  is  exceeding! 3'  valuable  to  practical,  as  well  as  to  theoretical  chemists, 
and  the  apothecary  and  the  manufacturing  chemist,  will  find  its  pages  stored  with 
information  needed  on  numerous  occasions,  and  which  here  is  presented  to  them 
Id  the  most  accessible  form." 

Chemical  Tables.  By  S.  P.  SHARPLES,  S.  B.  12  ma. 
cloth,  $2.25. 

This  collection  of  tables  has  been  prepared  with'great  care  under  the  supervision 
of  Dr.  Wolcott  Gibbs,  of  the  University  at  Cambridge,  and  will  be  found  of  great 
value,  both  to  the  student  and  the  practical  chemist. 

Icones  Muscorum  ;  or  Figures  and  Descriptions  of  most  of  those 
Mosses  peculiar  to  Eastern  North  America,  which  have  not  been  here- 
tofore figured.  •  By  WILLIAM  L.  SULLIVANT,  L.  L.  D.  With 
129  copperplates.     Royal  8  vo.     Cloth,  $15.00. 

First  Principles  of  Chemical  Philosophy.  By  Prop. 
J.  P.  COOKE,  Jr.,  of  Harvard  College.     Part  I.,  12  mo.  cloth,  $2.50. 

Crystallogiraphy.  By  Prof.  J.  P.  COOKE,  Jr.,  of  Harvard 
College.     8  vo.  limp  cloth,  $1.25. 

JSunsen's  Flame  Reactions.  A  method  of  Analysis  in  which 
the  Gas  Lamp  is  substituted  for  the  Blow  Pipe.     Translated  by  Prop. 

C.  P.  HIMES,  Ph.  D,    Pamphlet  8  vo.  75  cents. 

Lardtier^s  Hand-Book  of  Optics.  A  new  and  revised  edition. 
12mo.  cloth,  $2.50. 

The  ^^Clarendon  Press  Series/^  and  the  Scientific  Publica- 
tions of  Magmillan  &  Co.  and  of  James  Walton,  of  London,  kept  in 
stock.     Catalogues  sent  on  application. 

Any  of  the  above  sent  by  mail,  on  receipt  of  price,  by 

SEVER,  FRANCIS  &  CO., 

Publislkers  and  Dealers  lu  SCISNTIFIC  AND  EDUCATIONAE*  BOOKS, 

21  Bromfleld  Street,  Boston. 
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406  F  Street,  near  Seventh,  Washington.  D.  C. 

AGENTS  FOR  TRANSACTING  ALL  BUSINESS  IN  THE  U.S.  PATENT  OFFICE 
AND  PROCURING  EUROPEAN  PATENTS. 


OcTAVius  Knight,  having  resigned  the  position  held  by  him  from  1860  to 
1867  as  Superintendent  of  the  Washington  office  of  Munn  &  Go's  Scientific 
American  Patent  Agency,  offers  his  personal  services  to  all  who  intend  to  apply 
for  Letters  Patent,  or  who  have  rejected  applications  or  other  business  before 
the  Patent-Office. 

His  ability  to  act  with  despatch  and  success  is  evinced  by  his  having  con- 
ducted a  large  proportion  of  all  applications  for  Patents  granted  in  the  above 
years. 

Special  attention  given  to  the  prosecution  of  Rejected  or  Interfering  appli- 
cations, Re-issuing  Defective  Patents,  Extension  of  Patents  and  securing 
patents  in  all  the  important  countries  of  Europe. 

Haying  complete  and  eflScient  arrangements  for  securing  Patents  in 
all  the  important  countries  of  Europe,  we  are  enabled  to  prosecute  this 
branch  of  the  business  in  a  superior  manner,  and  on  advantageous  terms. 
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DITORIAL. 


ITEMS  AND  NOVELTIES. 

The  Spiral  Pump. — It  is  witli  much  pleasure  we  notice  the 
great  improvements  Mr.  Airy  has  just  made  in  an  hydraulic  machine 
of  a  very  remarkable  character,  hitherto  but  little  understood.  Al- 
though the  spiral  pump — ^as  Mr.  Airy  states  at  the  outset  of  his 
valuable  little  work  on  the  subject  now  under  review — "was  in- 
vented more  than  a  century  ago  by  Andreas  Wirz,  the  tin  worker 
of  Zurich,  and  was  afterwards  made  the  subject  of  theoretical  inves- 
tigation by  Bernoulli  and  Eylelwein,  and  in  spite  of  the  unqualified 
approbation  bestowed  upon  it  by  all  who  have  studied  its  action, 
the  machine  has  been  practically  ignored,  and  as  a  consequence  it 
has  not  received  that  attention  to  mechanical  details  which  so  greatly 
tends  to  the  improvement  of  a  machine ;  indeed  it  does  not  appear 
that  more  than  four  working  specimens  have  ever  been  constructed." 
Vol.  LVIII.— Third  SebIbs.— No.  2,— Auqubt,  1869*  10 
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74  Editorial. 

The  reason  why  so  little  progress  has  hitherto  been  made  in  the 
improvement  of  the  machine  is,  in  the  opinion  of  the  author,  due 
to  the  rudeness  of  its  construction,  and  we  venture  to  add — ^what 
Mr.  Airy's  modesty  would  not  allow  him  to  do — to  the  very  com- 
plicated nature  of  the  theoretical  investigation  involved  in  the  action 
of  fluids  moving  through  spiral  channels,  a  subject  Mr.  Airy  has 
evidently  thoroughly  investigated  and  made  himself  master  of.  It 
is  gratifying,  indeed,  to  observe  that  the  author  in  dealing  with  this 
subject  is  able  to  bring  to  bear  upon  it  not  only  the  attainments  of 
a  high  order  of  mathematical  knowledge,  which,  as  the  son  of  the 
Astronomer  Eoyal,  we  might  perhaps  naturally  look  for,  but  that 
thorough  practical  knowledge  of  mechanics,  which  we  know  Mr. 
Airy  has  acquired — in  the  only  way  it  can  be  properly  acquired — 
by  going  through  the  usual  apprenticeship  of  the  workshops. 

In  addition  to  the  causes  just  referred  to,  as  operating  against  the 
more  general  use  of  the  spiral  pump,  may  be  added  the  great  irregu- 
larity which  has  hitherto  attended  its  working,  arising  from  the 
discharge  of  both  air  and  water  through  the  vertical  pipe,  and  the 
difficulty  of  making  good  the  water-tight  joint.  Both  these  diffi- 
culties have,  it  will  be  seen,  been  successfully  overcome  by  Mr. 
Airy ;  in  the  first  place  by  the  addition  of  a  separate  chamber  to 
receive  the  alternate  discharges  of  air  and  water  through  the  spiral 
coil;  and  secondly,  by  the  simple  and  ingenious  form  of  leather  joint 
he  has  adopted.  By  these  means,  and  by  carefully  investigating  the 
theory  of  the  principles  involved  in  its  action,  in  which  he  has  been 
materially  assisted  in  his  preliminary  investigations  by  the  use  of 
a  model  with  glass  coils,  the  author  has  converted,  what  has  hith- 
erto been  but  of  little  practical  utility,  into  a  highly  eflfective  hydrau- 
lic machine,  capable  of  raising  water  to  great  elevations,  and  under 
many  circumstances,  where  there  is  an  abundance  of  water  supply 
even  of  a  very  low  fall,  it  is  easy  to  see  that  it  is  capable  of  most 
useful  and  economical  application. 

The  following  extracts  and  illustrations  will  enable  our  readers 
readily  to  understand  the  principle  upoD  which  these  improved 
spiral  pumps  are  worked;  but  for  a  great  deal  of  other  very  inter- 
esting and  valuable  information  in  regard  to  it,  we  would  refer 
them  to  the  work  itself: — * 

The  spiral  pump  is  constructed  as  follows :  A  metal  pipe  is  coiled 

♦  The  Spiral  Pump,  applied  as  a  Force  Pump,  &c.,  by  AV.  Airy,  B.  A.  Ac. 
Willis  Southoran  &  Co.,  London. 
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round  a  cylindrical  or  conical  drum,  which  is  placed  with  its  axis 
horizontal ;  this  drum  is  carried  by  means  of  two  axial  pivots ;  one, 
a  solid  gudgeon,  running  in  fixed  blocks,  and  carrying  on  its  end  a 
crank,  by  means  of  which  the  drum  can  be  turned ;  the  other,  a 
strong  pipe  lending  into  the  curved  end  of  an  upright  pipe,  in  which 
it  turns  by  means  of  a  water-tight  joint ;  oue  end  of  the  metal  pipe 
on  the  drum  is  left  open,  while  the  other  end  is  led  into  the  side 
of  the  horizontal  pipe-gudgeon  above  described,  and  soldered  to  it 
at  the  joint. 

If  the  above  machine  be  erected  at  the  surface  of  a  reservoir  of 
water,  and  so  placed  that  the  drum  is  more  or  less  immersed,  then, 
as  the  drum  is  turned,  the  open  end  of  the  pipe  that  is  coiled  on  the 
drum  takes  in  a  portion  of  air  and  a  portion  of  water  at  every  revo- 
lution ;  and  when  the  drum  has  been  turned  as  many  times  as  there 
are  coils  of  the  pipe  upon  it,  then  the  pipe  on  the  drum  is  full  of 
these  fluids  in  regular  order,  the  water  in  each  coil  lying  at  the  bot- 
tom of  the  coil,  and  the  air  at  the  top  (the  quantity  of  each  depend- 
ing upon  the  depth  of  immersion  of  the  drum).  If  now  the  drum 
be  still  turned,  the  water  and  air  in  the  last  coil  are  discharged  into 
the  horizontal  pipe  gudgeon  of  the  machine,  and  by  it  into  the 
vertical  pipe ;  and  at  every  additional  turn  of  the  drum  an  addi^ 
tional  discharge  of  air  and  water  takes  place  into  the  vertical  pipe ; 
the  air  at  once  rises  to  the  surface  and  escapes,  but  the  water  remains 
in  the  vertical  pipe,  and  establishes  a  column  of  fluid,  which  is  sup- 
ported as  follows : — 

Suppose  that  all  the  coils  of  the  machine  have  been  filled  as 
above  described,  and  that  at  the  next  turn  of  the  drum,  water  will 
be  discharged  into  the  vertical  pipe ;  also  suppose  that  the  drum  is 
cylindrical,  and  is  immersed  to  half  its  depth  in  the  reservoir,  so 
that  the  quantities  of  air  and  water  in  each  coil  are  equal,  then  the 
position  of  the  fluids  will  be  as  shown  in  Fig.  1 ;  the  drum  has 
received  the  additional  turn,  and 
a  charge  of  water  has  been  de-  ^' 

livered  into  the  vertical  pipe, 
in  consequence  of  which  the 
water  has  risen  in  that  pipe,  and 
a  pressure  column  is  established. 
The  pressure  of  this  column  act- 
ing upon  the  surface  of  the  air 

4U  A,  and  transmitting  its  pressure  by  means  of  the  air  in  A  B  to  the 
surfece  of  the  water  at  b,  tilts  up  the  column  of  water,  B  c,  so  as  to 
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make  it  assume  the  position  b'  c',  and  tbas  establishes  a  small 
column  of  water  (equal  to  the  difference  of  level  of  b'  and  c')  tend- 
ing to  balance  the  water  column  in  the  vertical  pipe.  At  the  same 
time  the  water  column,  b'  c',  transmits  the  pressure  (lessened  how- 
ever bj  the  portion  which  it  carries  itself)  by  means  of  the  air  in 
c'  D  to  the  water  surface  in  the  next  coil  at  D,  and  the  water  column 
in  this  coil  in  like  manner  is  tilted  up  into  the  position  d'  e^,  and 
supports  a  portion  of  the  column  in  the  vertical  pipe ;  and  the  same 
is  repeated  in  all  the  coils  on  the  drum.  These  operations  must 
not,  however,  be  understood  to  follow  one  another  in  sequence,  but 
all  take  place  simultaneously ;  the  water  column  in  every  coil  is  tilted 
up  a  little,  that  nearest  to  the  vertical  pipe  being  tilted  most,  and 
that  nearest  to  the  in-take  mouth  least ;  and  the  sum  of  the  columns 
of  support  thus  gained  in  the  coils  of  the  pipe  is  equal  to  the  column 
in  the  vertical  pipe ;  and  thus  equilibrium  is  maintained. 

Let  now  the  drum  be  further  turned.  Then  more  water  is  dis- 
charged into  the  vertical  pipe,  and  a  higher  column  has  to  be  sup- 
ported; and,  as  above  described,  each  of  the  water  columns  in  the 
coils  will  be  further  tilted  up,  the  coil  nearest  the  vertical  pipe 
taking  the  greatest  share  of  this  additional  tilting,  and  the  coil 
nearest  to  the  in-take  mouth  the  least.  Since,  then,  the  water  col* 
umn  in  the  coil  nearest  to  the  vertical  pipe,  receives  always  the 
largest  share  of  the  work  of  support,  it  is  clear  that  the  upper  sur- 
face of  this  column  will  always  stand  higher  than  that  of  any  other 
of  the  columns ;  and  in  the  progress  of  turning  it  will  at  last  arrive 
at  the  top  of  its  coil. 

If,  now,  the  drum  be  further  turned,  the  water  in  the  last  coil 
being  incapable  of  doing  more  towards  the  work  of  support,  will 
simply  overflow  into  the  coil  next  behind  it,  and  the  columns  in 
the  succeeding  coils  will  arrange  themselves  (as  above  described), 
to  support  the  addltiotial  column  in  the  vertical  pipe.  In  due  course 
of  time  the  upper  surface  of  the  water  column  in  the  last  coil  but 
one  will  arrive  at  the  top  of  the  coil ;  and  then  this  column  also  is 
performing  its  maximum  duty,  and,  on  the  machine  being  further 
turned,  overflows  into  the  coil  behind  it.  In  this  way  the  columns 
in  all  the  coils  are  in  succession  brought  to  their  position  of  maxi- 
mum duty,  the  column  in  the  vertical  pipe  constantly  mounting 
higher  and  higher ;  and  finally,  when  the  columns  in  all  the  coils 
are  working  at  their  maximum  duty,  the  machine  is  lifting  to  the 
greatest  height  which  it  can  accomplish.    If  now  the  drum  be 
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tuTDed  the  water  is  delivered  backwards  by  the  above-meDtioned 
system  of  overflow  throughout  the  coils  just  as  fast  as  it  is  dis- 
charged into  the  vertical  pipe,  and  no  increment  of  height  is 
attained.        *        *        * 

Thus  far  it  has  been  assumed  that  the  air  and  water  are  both 
discharged  immediately  into  the  vertical  pipe ;  and  it  is  in  this  way 
that  all  the  working  pumps  of  this  kind  have  been  constructed. 
But  there  is  great  inconvenience  in  allowing  air  and  water  to  go 
up  the  same  pipe;  the  water  is  discharged  irregularly,  with  noise 
and  shocks,  and  is  charged  with  air  bubbles.  Also  there  is  special 
inconvenience  in  making  the  water-tight  joint  (the  only  joint  in  the 
whole  machine),  in  the  curved  end  of  the  vertical  pipe.  To  remedy 
these  evils,  the  author  devised  the  arrangement  exhibited  in  Fig.  2, 
by  means  of  which  the  machine 
has  been  made  to  work  with  re-  *^' 

markable  uniformity  and  success. 
A  B  is  an  air-tight  box,  and  the 
pipe-gudgeon,  c  D  is  led  into  the 
side  of  A  B  by  a  water-tight  joint. 
This  joint  is  simple  and  exceed- 
ingly tight ;  it  is  merely  a  single 
thickness  of  leather,  in  which  a 
hole  is  cut  somewhat  smaller  than 
the  pipe;  the  leather  being  se- 
cured to  the  outside  of  the  box,  as  shown  in  the  figure,  the  end  of 
the  pipe  is  forced  through  the  hole  in  the  leather,  which  thus  is 
somewhat  coned,  and  its  edge  wraps  close  against  the  pipe;  the 
pressure  of  the  water  acting  on  the  side  of  this  leather  cone  always 
tends  to  secure  the  joint,  which  is  so  tight  that  it  does  not  let  through 
a  drop  of  water ;  in  this  joint  the  pipe  turns  with  very  little  friction 
compared  with  that  of  a  stuffing-box.     E  r  is  the  vertical  pipe ;  its 
lower  end  is  bell-mouthed,  to  avoid  loss  of  head  by  contraction  of 
the  fluid,  and  it  is  stepped  on  a  block  at  the  bottom  of  the  box ;  at 
the  top  is  a  spout  to  deliver  the  water.   K  is  a  tap,  the  object  of  which 
will  be  soon  described. 

Suppose  the  tap,  K,  closed ;  then,  as  the  drum  is  turned,  air  and 
water  are  poured  into  the  box;  the  air,  as  fast  as  it  enters,  ascends- 
to  the  top  of  the  box,  while  the  water  remains  below,  and  is  forced 
up  the  vertical  pipe,  as  already  described. 

In  this  state,  the  air  is  of  great  value,  as  the  upper  part  of  the 
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box  then  forms  an  air-chest  (as  in  a  fire-engine),  and  the  expansive 
force  of  the  air  under  pressure  ensures  a  regular  and  even  flow  of 
water  from  the  spout  at  the  top  of  the  vertical  pipe. 

It  thus  appears  that  the  height  to  which  these  machines  can  force 
water  is  determinable  simplj  by  the  number  and  size  of  the  coils. 
The  author  next  proceeds  to  show  how  the  maximum  effect  varies 
in  the  proportion  in  which  the  air  and  water  are  alternately  taken 
in  at  the  mouth  of  the  coil,  and  how  the  conical  form  of  drum  is 
preferable  to  the  cylindrical  in  counteracting  the  prejudicial  effects 
due  to  the  compression  of  the  air  in  the  coils ;  the  singular  pheno- 
menon of  regurgitation  is  then  noticed  and  explained.  The  adap- 
tation of  the  horn  to  the  intake-mouth,  as  originally  applied  by 
Wirz,  the  inventor,  is  then  considered  by  the  author,  and  also  the 
curious  effect  it  has  on  the  arrangement  of  the  air  and  water  in  the 
coils.  In  the  Appendix  full  information  is  given  for  determining 
the  number  of  coils  for  the  required  height,  together  with  a  great 
deal  of  other  valuable  data  relating  to  the  subject. 

Before  referring  to  the  subject  of  the  general  application  of  this 
machine,  we  would  just  say  a  word  in  regard  to  a  very  ingenious 
and  beautiful  application  of  this  principle  of  the  spiral  pump, 
referred  to  in  the  work,  as  being  the  invention  of  the  author's 
brother,  Mr.  H.  Airy ;  in  this  machine,  which  is  appropriately 
called  a  mercury  pump,  that  fluid  is  substituted  for  the  air,  and 
plays  a  very  important  function  in  its  action.  Owing  to  its  much 
greater  specific  gravity,  the  mercury  column  only  needs  to  be  one- 
thirteenth  of  the  height  of  the  water  column,  and  the  description 
of  the  machine  very  clearly  shows  how  ingeniously,  by  means  of 
a  very  small  quantity  of  mercur/Vhich  is  made  to  circulate  through 
the  coils,  a  continued  stream  of  water  is  lifted  to  a  very  consider- 
able height.  The  use  of  such  a  machine  is  of  course  but  of  limited 
application;  but  for  hall  and  garden  fountains,  and  small  fancy  jets 
of  perfumed  water,  &c.,  no  more  suitable  and  effective  machine 
could  be  desired. 

With  regard  to  the  advantages  of  the  spiral  pump,  and  the  scope 
for  its  useful  application,  we  cannot  do  better  than  conclude  our 
notice  with  the  well  put  observations  of  the  author  himself  on  this 
subject: — 

"  The  advantages  of  it  are  numerous  and  important.  Its  chief 
recommendation  lies  in  the  simplicity  of  its  action,  and  the  few- 
ness of  its  parts ;  there  are  no  sliding  valves  or  other  moving  pieces 
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liable  to  expensive  repairs,  and  the  one  water-tight  joint  is  simple, 
safe,  and  easily  renewed  without  skilled  labor.  The  friction  may  be 
reduced  to  a  very  small  amount,  for  since  the  drum  is  always  more 
or  less  immersed,  it  will  be  proper  to  make  the  drum  hollow  and 
watertight,  so  that  by  proper  adjustment  of  its  size,  weight,  &c., 
it  shall  float  in  the  reservoir  without  bearing  at  all  on  the  gudgeons. 
The  friction  of  the  water  in  the  pipes  is  of  course  unavoidable,  but 
except  the  velocity  of  rotation  be  very  great  (and  this  will  not  be 
advisable  in  any  case),  the  friction  will  not  be  very  considerable. 

",The  application  of  the  machine  would  seem  chiefly  to  lie  in  the 
lifting  of  moderate  quantities  of  water  to  a  considerable  height,  as, 
for  example,  the  supply  of  water  for  domestic  purposes  from  a 
stream  or  spring  at  a  considerable  distance  below  the  dwellings  to 
be  supplied ;  if  there  is  any  fall  of  water,  the  machine  could  be 
conveniently  driven  by  water-power,  and  with  far  greater  economy 
than  the  hydraulic  ram.  In  such  a  position  its  value  would  be 
peculiarly  felt,  as  the  stoppage  of  house  supply  is  exceedingly 
objectionable,  and  this  machine  could  scarcely  anyhow  get  out  of 
order  except  at  the  water-tight  joint,  which  is  renewed  in  a  few 
minutes." — Engineering, 

Tapping  a  Mine. — The  circumstances  under  which  this  appli* 
cation  took  place  are  thus  detailed  in  the  NewcaatU  Daily  Chronicle: 
A  particular  seam  of  coal  was  subject  to  inundation  from  a  large 
feeder  of  water,  rendering  a  great  amount  of  pumping  power  neces- 
sary  in  the  working  of  the  coal.  The  water  was  found  to  proceed 
from  an  old  pit,  which  had  been  sunk  many  years  ago  to  the  deeper 
and  more  valuable  seams,  and  had  become  gradually  filled  with  rub- 
bish, consisting  principally  of  old  shaft  timber,  stones,  &c.,  up  to  the 
level  of  the  seam  in  question,  thus  forming  an  obstruction  to  the 
water,  which  otherwise  would  have  passed  down  the  shaft  and  found 
an  outlet  at  a  lower  level  by  means  of  old  workings.  Numerous 
attempts  had  previously  been  made  by  boring  to  pass  the  water 
down,  but  without  success,  the  timber  seeming  to  form  an  impass- 
able barrier.  Mr.  Hall  being  favorably  impressed  with  the  success 
which  had  attended  Mr.  Norton's  patent  for  sinking  wells,  resolved 
to  test  its  capabilities  in  passing  through  a  material  which  had  been 
proved  impenetrable  to  the  common  bore  rod.  Mr.  Eidley,  from 
Messrs.  Mather  &  Armstrong,  of  Newcastle,  licencers  of  the  patent, 
undertook  the  management  of  the  apparatus.  An  80  pound  weight 
and  a  IJ-inch  tube  were  used.    When  two  hours  had  expired  from 
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the  commeDcement  of  the  operation,  the  tube  was  found  to  have 
been  driven  a  distance  of  20  feet,  the  speed  varying  considerably. 
The  succeeding  15  feet  were  overcome  in  four  hours.  At  this  point 
the  process  became  much  slower,  but  never  stationary,  the  next  3 
feet  requiring  two  hours  labor ;  then  3  feet  at  a  considerably  in- 
creased speed,  occupying  only  half  an  hour.  The  water  was  now 
laid  on  to  the  pipe  and  found  to  pass  freely,  and  the  driving  was 
discontinued,  41  feet  having  been  overcome  in  eight  hours  and  a 
half.  Had  it  been  necessary,  it  seemed  quite  possible  to  have 
driven  the  tubes  to  the  extreme  depth  of  the  sinking.  The  experi- 
ment proved  a  great  success,  and  the  pipes  are  now  doing  good  work, 
and  will  constitute  a  material  saving  in  the  working  of  the  seam, 
the  purpose  they  serve  being  precisely  the  reverse  of  that  for  which 
they  were  originally  intended  by  the  patentee.  It  is  stated  that  the 
pit  contained  the  debris  of  one  hundred  fathoms  of  ordinary  shaft 
bratticing,  and  several  hundred  tons  of  walling  stones,  rendered 
solid  and  compact  by  a  quantity  of  ordinary  pit  waste-heap  falling 
away  from  the  surface.  -^  ' 

A  Fog  Whistle,  recently  erected  on  Cape  Fourcher,  Yarmouth 
Harbor,  Nova  Scotia,  is  said  to  be  the  most  powerful  signal  in 
North  America,  and  can  be  heard  fifteen  miles  in  calm  weather;  in 
stormy  weather  five  to  eight  miles;  with  the  wind  twenty-five 
miles;  against  the  wind  five  to  eight  miles.  It  has  been  heard  in- 
land with  the  wind  twenty-five  to  thirty  miles. 

Pin  Making. — It  is  estimated  that  1,000  persons  are  employed 
in  Birmingham  in  the  manufacture  of  pins,  hair-pins,  hooks,  eyes, 
thimbles  and  eyelets.  Messrs.  Edlesten  &  Williams  alone  use  three 
tons  of  wire  weekly  in  pin  making,  and  Messrs.  Bridge  &  Merritt, 
0.  lies,  Phipson  &  Son,  and  other  makers,  would  probably  augment 
the  total  consumption  of  brass  wire  to  twelve  tons  per  week.  At  a 
moderate  estimate,  the  number  of  pins  manufactured  weekly  in 
Birmingham  exceeds  200,000,000. 

Street  Bailway  in  London,— At  a  meeting  of  the  Board  of 
Works  last  Friday  it  was  determined  that  before  sanctioning  any 
scheme  of  tramways  in  the  streets  of  the  metropolis  it  would  be 
desirable  to  have  an  experimental  line  between  Westminster  Bridge 
and  Kennington  Park,  and  the  solicitor  of  the  Board  was  directed 
to  confer  with  the  promoters  of  the  bill  before  Parliament  with  a  view 
of  making  arrangements  for  that  purpose. 
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Old  and  New  Coal. — Our  attention  has  been  lately  drawn  to  a 
curious  observation  which  stands,  as  yet,  as  a  fact  without  a  suffi- 
cient reason.  In  one  case,  where  hard  coal  is  used  in  large  quan- 
tities for  purposes  of  mere  evaporation,  it  appears  that  some  which 
has  been  kept  on  hand  in  open  piles  for  five  or  six  months,  is  less 
eflfective  by  from  13  to  15  per  cent,  than  that  freshly  mined.  A 
similar  result,  corresponding  even  in  the  percentage  of  deterioration, 
appears  in  another  report  from  a  smelting  furnace.  The  deteriora- 
tion from  decrepitation,  caused  by  absorption  of  water,  is  of  course 
well  known,  but  does  not  seem  to  apply  to  these  cases. 

Ship  Canal  across  France. — The  project  of  establishing  through 
the  valley  of  the  Garonne  (France)  a  canal  for  large  navigation,  to 
connect  the  ocean  to  the  Mediterranean  has  been  often  mooted ;  but 
there  is  now  a  new  plan  for  this  undertaking,  under  the  auspices  of 
M.  Staal  de  Magnoncourt,  late  peer  of  France.  The  proposed  canal 
is  to  admit  not  only  merchant  ships  of  the  heaviest  tonnage,  but 
also  men  of  war  and  transatlantic  steamers.  A  port  is  to  be  estab- 
lished in  the  Gironde,  just  below  Bordeaux,  and  another  on  the 
Mediterranean.  The  cost  of  the  scheme  is  estimated  at  442,000,000 
francs,  and  the  cutting  of  the  canal  would  occupy  six  years.  The 
plan,  if  carried  out,  will  materially  shorten  the  navigable  commu- 
nication between  England,  the  north  of  Europe  and  India,  for  it 
will,  in  fact,  be  a  continuation  of  the  Suez  Canal. 

A  Cement  for  Joining  Leather,  sufficiently  strong  to  be  used 
for  driving-belts  and  boot  soles,  may  be  found  extremely  useful. 
Such  a  cement  is  said  by  Stuben ranch  to  be  made  by  mixing  ten 
parts  of  bisulphide  of  carbon  with  one  part  of  oil  of  turpentine,  and 
dissolving  in  the  mixture  sufficient  gutta-percha  to  produce  a  thick 
treacly  fluid.  Before  it  is  employed,  the  surfaces  of  leather  to  be 
joined  must  be  carefully  freed  from  grease,  and  smoothed  with  a 
hot  iron.  The  cement  is  then  laid  on  both  surfaces,  which  are  now 
placed  together,  and  kept  firmly  pressed  until  the  cement  is  per- 
fectly dry.  It  is  obvious  that  boots,  with  soles  stuck  on  in  this 
way,  must  not  be  put  near  a  fire. 

Eighteen  Cornish  Engines  were  reported  last  month.  These 
consumed  1,468  tons  of  coal,  and  lifted  11-7  million  tons  of  water 
ten  fa;thoms  high.  Average  duty  53,700,000  pounds  lifted  1  foot 
high  by  the  consumption  of  112  pounds  of  coal,  or  479,000  foot- 
pounds per  pound  of  coal.  Seven  engines  exceeded  the  average 
duty. 
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Patents. — The  number  of  visitors  to  the  Patent  Office  Museum, 
South  Kensington,  for  the  week  ending  March  27,  was  5,877.  Total 
number  since  the  opening  of  the  Museum,  free  daily  (May  12, 1868), 
1,527,444. 

Accident  to  a  Bridge,— One  of  those  frightful  accidents  which 
unfortunately  so  often  accompany  the  carrying  on  of  great  public 
works  occurred  last  Tuesday  at  Saltburn-by-the-Sea.  An  iron  bridge 
100  feet  in  length  across  the  famous  glen  along  which  Sheltonbeck 
runs  to  the  coast,  was  nearly  completed,  when  an  immense  iron 
girder  slipped  from  its  holding  and  knocked  down  one  of  the  piers, 
killing  three  men. 

Silk  Baising. — The  Han  Francisco  Herald  says  that  those  en- 
gaged in  the  culture  of  silk  in  California  have  grown  no  less  than 
1,175,000  mulberry  trees.  They  are  apportioned  as  follows :  Los 
Angeles,  50,000 ;  Santa  Barbara,  100,000;  Santa  Clara,  150,000; 
Nevada,  50,000 ;  Sacramenta,  425,000 ;  Yolo,  400,000.  The  total 
production  of  cocoons,  in  1868,  amounted  to  1,850,000,  equivalent 
to  1,917  pounds,  allowing  704  cocoons  to  the  pound,  representing 
a  cash  value  of  $3,676*75.  To  be  added  to  this  was  the  egg  crop 
of  7,250  ounces,  commanding  in  the  market  $8  per  ounce,  amount- 
ing $58,800.  There  will  be  a  vast  increase  in  the  production  of 
cocoons  this  year,  as  three  cocooneries  will  hatch  600  ounces  of 
eggs,  sufficient  to  produce  18,000,000  cocoons. 

Iron  Analysis. — Gintl  gives  a  very  easy  method  of  determin- 
ing the  impurities  in  cast  iron.  It  is  applied  by  him  to  the  estima- 
tion of  the  sulphur  contained  in  the  iron;  but,  as  will  be  seen,  it  is 
available  for  the  separation  and  determination  of  most  of  the  usual 
impurities.  The  iron  is  reduced  to  as  minute  a  state  of  division  as 
possible,  and  is  then  treated  with  a  strong  solution  of  perchloride  of 
iron,  as  nearly  neutral  as  possible.  The  mixture  is  kept  heated  for 
ten  or  twelve  hours,  at  the  end  of  which  time  almost  all  the  iron 
will  be  found  to  have  dissolved,  leaving,  as  a  residue,  the  carbon, 
sulphur,  phosphorus  and  silicum,  together  with  the  little  iron  left 
undissolved.  This  residue  has  only  to  be  well  washed,  oxidized 
and  dissolved,  and  the  sulphur  estimated  as  sulphate  of  baryta.  The 
exact  plan  directed  by  the  author  is  to  introduce  the  residue  and 
filter  into  a  porcelain  crucible,  having,  at  the  bottom,  three  parts  of 
nitrate  of  potash  and  one  part  of  hydrate  of  potash  ;  heat  to  fusion, 
dissolve  and  precipitate  with  chloride  of  barium.  The  phosphorus 
and  silica  will  be  contained  in  the  same  solution,  and  can  be  deter- 
mined separately. 
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Magnesium-Light  Signal  Apparatus.— The  Navy  Depart- 
ment, on  recommendation  of  the  Vice  Admiral,  it  is  understood, 
have  commenced  ordering  the  '^  Magnesium-Light  Signal  Appara- 
tus," designed  by  First  Assistant  Engineer,  R.  H.  Thurston,  U.  S. 
Navy. 

By  this  apparatus,  signals  are  made  with  twice  the  rapidity  and 
at  less  than  one-teTUh  the  expense  of  the  old  method  of  Coston  col- 
ored fires.  It  is  much  more  effective  than  the  Colomb-Bolton  appa- 
ratus, on  which  the  British  Government  has  recently  expended 
some  £15,000,  as  its  light  is  not  obscured  by  either  the  metal 
gauze  or  the  smoke  of  burning  resin,  which  are  so  objectionable  in 
the  English  apparatus. 

The  U.  S.  Steamer  "  Juniata,"  fitting  out  at  this  port  to  join  the 
European  squadron,  is  supplied  with  the  new  apparatus. 

The  Eclipse  of  August  7th. — We  are  happy  to  learn,  that, 
though  a  variety  of  unfortunate  circumstances  will  prevent  Mr. 
Rutherfurd,  Dr.  Draper,  and  four  other  experienced  celestial  photo- 
graphers, from  assisting  in  the  observation  of  the  coming  eclipse, 
the  great  and  rare  opportunity  will  be  well  improved,  notwith- 
standing. Thus,  Dr.  Curtis,  with  the  Annapolis,  7J-inch  Equato- 
rial, and  a  corps  of  assistants  from  the  Washington  Observatory, 
is  already  at  Des  Moines,  and  has  succeeded  in  making  excellent 
sun-pictures,  showing  details  of  spots  and  faculse,  by  way  of  practice. 

Professor  Morton  has  also  organized  a  triple  party,  in  this  city, 
under  the  auspices  of  the  Nautical  Almanac  Office,  and  has  secured 
the  High  School  Equatorial  of  6-inch  aperture,  and  10  feet  focal 
length  (by  Merz  &  Mahler,  successors  to  Fraunhofer),  with  clock- 
work driver.  The  Gettysburg  Equatorial,  which  is  a  duplicate  of 
this,  and  a  4-inch  telescope,  by  Dolland,  belonging  to  the  Univer- 
sity of  Pennsylvania. 

Through  the  kindness  of  Mr.  Scott,  of  the  Pennsylvania  Eail- 
road,  transportation  in  a  special  car,  to  their  destination  at  Bur- 
lington, Iowa,  and  its  vicinity,  has  been  obtained  for  the  party  and 
instruments. 

The  entire  party  will  consist  of  the  following  gentlemen : 

Professor  Henry  Morton,  Franklin  Institute,  Philadelphia ;  Pro- 
fessor A.  M.  Mayer,  Lehigh  University,  Bethlehem ;  Professor  C. 
F.  Himes,  Dickinson  College,  Carlisle;  Mr.  W.  J.  Baker,  Buflfalo, 
New  York ;  Mr.  E.  L.  Wilson,  Mr.  O.  H.  Willard,  Mr.  J.  Mahoney, 
Mr.  William  Long,  Mr.  H.  C.  Phillips,  Mr.  J.  Zentmayer,  Mr.  J.  C, 
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Browne,  Mr.  E.  Moelling,  Mr.  0.  H.  Kendall,  Mr.  James  Cremer, 
Philadelphia,  Pa. 

This  will  constitute  the  photographic  portion  of  the  party,  allow- 
ing five  operators  in  all  to  each  instrument.  Professor  J.  H.  C. 
CoflBn,  of  the  Nautical  Almanac  Office,  will  meet  this  party  at  Bur- 
lington, with  an  Astronomical  Corps,  and  Professor  E.  C.  Picker- 
ing, of  the  Massachusetts  Institute  of  Technology,  will  go  with 
them  to  make  physical  observations.  Also  Professor  James  McClune, 
the  astronomer  of  the  High  School,  will  accompany  the  Philadelphia 
party,  with  instruments  for  astronomical  work.  The  various  teles- 
copes have  been  fitted  with  eye-pieces  of  special  construction  and 
instantaneous  exposure  slides  by  Mr.  Zcntmayer,  and  with  light 
cameras  furnished  by  the  American  Optical  Company,  New  York. 

There  will  also  be  taken  a  Chronograph  from  the  Washington 
Observatory  (which  has  been  put  in  excellent  order)  by  Messrs. 
Chester  &  Patrick  of  this  city,  by  means  of  which  the  dates  of 
exposure  of  the  various  partial-phase  pictures  may  be  actually 
recorded  and  thus  rendered  of  infinite  value  as  astronomical 
observations. 

A  temporary  observatory  has  been  constructed  in  West  Phila- 
delphia, on  a  very  convenient  location,  kindly  placed  at  the  disposal 
of  the  party  by  Mr.  John  Sellers,  and  regular  drilling  in  the  various 
manipulations  required  is  being  carried  on  there,  and  will  continue 
until  the  time  for  starting  arrives,  which  will  be  on  the  2d  of  August. 

The  Spectrum  of  the  Planet  Uranus.— To  his  astonishing 
discovery  of  vapor  of  water  in  the  vicinity  of  sun-spots,  noticed  in 
our  last  number,  Father  Secchi  has  added  another  spectroscopic 
discovery  fully  as  remarkable,  namely,  that  the  light  which  comes 
to  us  from  Uranus  differs  very  much  from  that  reflected  by  the 
other  planets.  In  a  number  of  the  Comptes  Hendus  just  received, 
(Vol.  LXVIII,  page  761,)  we  find  an  account  to  this  effect.  Having 
turned  the  spectroscope  by  chance  upon  this  planet,  then  appearing 
as  a  star  of  the  sixth  magnitude,  he  obtained  in  place  of  the  normal  - 
solar  spectrum  which  he  expected,  one  whose  principal  characteris- 
tics are  indicated  by  the  accompanying  diagram,  where  the  inten- 
sity of  light  in  various  parts 
is  indicated  by  the  height  of 
the  curve.  The  red  end  of 
this  spectrum  is  at  the  left, 
the  violet  to  the  right.  The  position  of  the  normal  sun  lines  D  and 
b  is  indicated  by  those  letters  N  and  M  were  two  very  strong  ab- 
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sorption  bands  located,  as  here  shown,  and  corresponding  to  no 
strong  solar  lines.  The  yellow  part  of  the  spectrum  was  entirely 
wanting,  as  is  indicated  between  p  and  q. 

From  this  we  would  conclude  that  this  planet  has  an  atmosphere 
of  considerable  extent,  and  generally  transparent,  but  absorptive  of 
certain  rays  and  of  all  yellow  tints,  to  a  considerable  degree,  and 
that  the  rays  from  the  sun  are  not  chiefly  reflected  to  us  from 
clouds  or  mists  in  the  upper  region  of  such  an  atmosphere,  but  pene- 
trate it  to  a  notable  depth  before  they  are  turned  back  by  reflection. 
The  material  of  this  atmosphere  remains  to  be  determined. 

The  Spectmin  of  R«  (Gemini, — This  variable  star  with  a  spec- 
trum like  that  of  f  Coronse  Borialis,  showing  bright  superposed 
lines  indicative  of  a  surrounding  luminous  envelope  of  gas,  has  been 
further  studied*  by  Father  Secchi,  who,  in  the  paper  quoted  above, 
gives  a  diagram  of  its  spec-  ^^^^^^^^^^^^^^^^^^^^ 
The     ^^^^^^^^^^^^^^^^^^^1 

spec-     ^H^^^H^^^^^^I^^^^I 
tram  is  here,  as  before,  shown     ^^■■^^^^■■^^^^^^^■"^^^^^ 

by  the  curve,  while  the  positions  of  the  bright  bands,  is  indicated  by 
that  of  the  vertical  lines.  Two  of-  these,  c  and  F,  it  will^  be  seen, 
indicate  hydrogen,  one,  J,  magnesium,  and  the  double  line,  D,  so- 
dium. The  first,  c  and  F,  are  found  likewise  in  the  spectrum  of 
r  Coronas  Borialis,  but  the  others  are  confined  to  this  star. 

A  New  Regulator  for  the  Electric  Lamp.— Cari^,  the  inven- 
tor of  the  ioe  machine  which  bears  his  name,  has  communicated  to 
the  Soc.  d'Encouragement,  a  new  form  of  battery,  regulator  and 
carbons  for  the  electric  light.  Of  these  the  most  notable  is  the 
regulator,  whose  chief  feature  is  the  means  by  which  the  varying 
current  gives  motion  to  the  carbons.  Between  the  poles  of  an  Elec- 
tro magnet  is  an  armature,  shaped  somewhat  like  the  letter  JS,  the 
spiral  curves  being  so  adjusted  that  the  power  of  the  magnet  is 
almost  equally  efiicient  in  all  positions,  but  tends  to  bring  the  cen- 
tral part  in  line  with  the  poles.  This  is  resisted  by  the  torsion  of 
a  steel  wire,  attached  at  right  angles,  to  the  armature  ^  ^  , 
at  its  centre.  Thus,  as  the  current  increases  in  strength,  Q  ^^3  D 
the  armature,  A  B,  is  drawn  into  line  with  N  s,  the  resist-  * 

ance  of  ^he  spring  increasing  with  the  degree  of  motion.  This,  by 
simple  connecting  machinery,  separates  the  points.  If  the  current 
diminishes  in  strength,  then  the  springs  conquer,  and  the  motions 
are  all  reversed. 
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OUR  NEW  YORK  LEHER. 

New  York,  June  16th. 

To-day  witnessed  the  first  annual  reunion  of  the  members  of 
the  American  Institute  of  Engineers,  at  their  rooms  No.  68  Wil- 
liam Street.  It  was  an  interesting  event  to  all  concerned,  and  will 
be  productive  of  much  good  to  the  profession  generally,  not  only  in 
establishing  a  warmer  personal  interest  in  each  other,  but  also  in 
forming  another  link  in  that  bond  of  organization,  the  Society  is 
striving  to  attain.  The  session  lasted  throughout  the  day,  begin- 
ning at  eleven  o'clock,  the  morning  hours  being  devoted  to  the 
reading  of  papers  and  general  discussions,  which  gave  way  in  the 
afternoon,  to  a  comforting  dinner,  with. those  necessary  post  pran- 
dial concomitants,  toasts  and  speeches. 

The  attendance  was  large  and  enthusiastic,  many  non-resident 
members  coming  a  great  distance  in  order  to  be  present.  The  es- 
pecially honored  members  wey e  Messrs.  J.  B.  Jervis  and  S.  Whip- 
ple. The  former,  so  well  known  throughout  the  country  as  one  of 
the  patriarchs  of  the  profession,  (now  seventy-four  years  old,)  and 
under  whom  a  regular  school  of  engineers  developed,  read  a  most 
excellent  paper  upon  the  general  subject  of  the  engineering  profes- 
sion, so  replete  with  ripe  experience,  and  good  sound  practical 
sense,  that  its  dissemination  among  all  grades  of  engineers  and  rail- 
way managers  would  be  of  infinite  service.  Its  publication,  of 
course,  will  shortly  follow,  and  it  is  to  be  hoped  that  the  Society 
will  depart  from  its  usual  custom  of  not  distributing  its  publications 
outside  of  its  own  members,  and  allow  this  paper  of  Mr.  Jervis  to 
be  circulated  far  and  wide  among  the  profession  for  the  good  that 
will  surely  come  of  it. 

Mr.  Whipple,  whose  name  is  almost  as  familiar  as  that  of  Mr. 
Jervis,  is  in  many  respects  a  remarkable  man.  In  1847,  when  rail- 
ways were  expanding  in  every  direction,  the  question  of  bridge  build- 
ing in  its  scientific  bearing  became  of  the  utmost  importance. 
Little  was  known  about  trussed  girders,  or  the  strength  of  mate- 
rials,— and  in  England  they  were  getting  at  results  in  the  usual 
way,  viz;  by  sheer  "force  and  money,"  an  experimental  mode 
American  engineers  are  not  able  to  undertake.  At  this  juncture, 
Mr.  Whipple  published  two  essays  on  Bridge  Building,  so  clear, 
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logical  and  simple  of  application,  that  his  manner  of  analysis  has 
been  practised  to  the  present  time  by  the  best  bridge  engineers  in 
the  country.  And  not  only  his  analysis,  but  forms  of  economical 
trussing,  angles  of  braces,  and  general  recommendations  are  ele- 
ments of  the  majority  of  the  best  beam  trusses  built  in  America. 
It  would  be  interesting  to  quote  the  remarks  of  Mr.  Whipple  on 
page  81,  upon  the  "  proposal  by  an  eminent  English  engineer,  Mr. 
Stevenson,  to  construct  a  tubular  or  box  bridge  over  the  Menai 
Straits,  out  of  sheet  or  plate  iron,  &c." 

After  criticising  the  enormous  waste  of  material  in  such  a  beam, 
he  suggests  jnd  estimates  for  an  open  built  truss,  just  such  a  one 
in  the  main  as  would  be  built  now,  under  the  same  circumstances. 
The  diflFerent  processes  employed  for  determining  the  problem  are 
interesting  to  note,  the  one  based  on  costly  experiment,  supple- 
mented by  the  highest  mathematical  talent,  the  other  on  a  simple 
consideration  and  appreciation  of  the  known  laws  of  force,  with  the 
little  data  to  be  had  on  the  strength  of  materials.  Now  mark  the 
result.  The  first  is  embodied  in  as  ponderous  a  piece  of  iron  work 
(never  to  be  repeated)  as  the  world  ever  saw.  The  second,  in  just 
such  a  simple  truss  as  would  in  principle  be  built  to-day,  and  is 
about  to  be  built  in  this  country  in  two  or  three  instances  of  spans 
as  great  as  the  Menai  tubes.  I  have  lying  upon  the  table  before 
me  a  new  edition  of  this  work  of  Mr.  Whipple,  brought  up  to  date, 
and  is  twice  as  bulky  as  the  original  volume.  Through  some  pecu- 
liar idiosyncracy,  the  venerable  author  turned  printer  for  the  occa- 
sion, setting  up  the  types  with  his  own  hands.  It  is  in  two  parts, 
the  first  as  it  originally  stood,  the  second  an  extension  of  the  prin- 
ciples laid  down  in  the  first,  together  with  explanatory  notes,  and 
a  discussion  upon  counterbracing.  There  is  also  added  a  review 
and  comparative  analysis  of  the  Fink,  BoUman,  Post  and  Whipple 
Bridges,  which  at  this  time  becomes  of  peculiar  interest,  and  I  have 
no  doubt  this  fact  alone  will  cause  much  inquiry  for  this  the  best 
work  extant  on  Bridge  Building.  To  those  interested  it  may  be 
of  service  to  know,  that  like  the  former  edition  the  author  keeps 
the  present  one  in  his  own  hands,  and  is  not  so  careful  to  retain  it 
as  he  used  to  be.  There  have  been  numerous  inquiries  for  the  first 
essays  of  Mr.  Whipple,  and  his  many  known  and  unknown  friends 
can  now  have  the  pleasure  of  testifying  their  appreciation  of  his 
labors.  As  the  pioneer  and  teacher  of  Iron  Bridge  Building,  Mr. 
Whipple  will  ever  be  regarded  with  gratitude  by  the  profession  at 
large,  to  say  nothing  of  a  deeper  feeling  to  those  who  know  him. 
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The  address  of  the  President,  the  Hon.  Wm.  J.  McAlpine  sho^wed 
his  warm  sympathy  and  active  exertion  in  furthering  the  interests 
of  the  Society,  and  he  appealed  to  all  present  to  keep  up  the  spirit 
of  association,  and  exert  themselves  to  gather  into  the  engineering 
fold  all  worthy  members  of  a  noble  profession.     The  importance  of 
such  a  Society  as  this  can  hardly  be  over-estimated,  not  only  intlie 
benefits  reacting  upon  the  members,  but  also  the  indirect  effect  upon 
the  public  at  large.     It  is  not  a  New  York  Society,  but  an  Ameri- 
can one  in  the  truest  sense,  having  members  scattered  over  tLe 
whole  of  this  broad  country — who  reap  their  benefits  in  the  pub- 
lications issued,  which  are  carefully  selected  for  their  practical 
value.     It  is  pleasing  for  a  professional  man,  go  where  he  will,  to 
always  find  some  one  whom  he  can  greet  as  a  fellow  in  the  same 
bond,  who  have  interests  in  common  and  who  feel  that  they  are 
laboring  toward  no  unselfish  end,  in  using  their  best  efforts  for  the 
elevation  of  the  engineering  profession. 

One  of  these  days,  should  the  aspirations  of  the  Society  be  ful- 
filled, they  will  have  a  building  of  their  own,  where  will  be  found 
all  matters  of  value  to  the  engineer,  and  which  will  be,  in  fact,  a 
repository  of  American  engineering.  'Tis  true,  this  climax  is  a 
long  way  off,  but  it  is  among  the  things  that  can  be,  should  the 
profession  cluster  around  the  Society,  as  they  ought  to  do,  and  it 
has  a  right  to  ask  that  they  should. 

Turning  from  such  a  prolific  theme,  to  matters  of  more  local 
interest,  it  may  be  interesting  to  note,  that  the  long  talked  of  East 
Kiver  Bridge  will  soon  be  under  way,  the  contract  having  been 
awarded  to  a  heavy  Brooklyn  firm.  An  eternity  of  boards  have 
"  sat  upon  "  the  project,  and  after  weeks  of  incubation,  have  con- 
cluded Mr.  Roebling  knows  what  he  is  about,  and  accorded  their 
gracious  approval.  The  greatest  interest  will,  of  course,  attach  to 
the  foundations,  the  engineer  being  prepared  to  go,  if  necessary, 
100  feet  below  low  water.  The  elevated  railway  drags  its  weary 
length  along,  the  columns  being  all  up  as  far  as  Thirteenth  Street, 
the  terminus  of  the  Hudson  Eiver  road.  They  seem  still  to  be  ex- 
perimenting, but  expect  to  have  the  line  open  by  the  fall.  The 
joint  interest  of  the  Hudson  Eiver,  New  Haven  and  Harlem  Rail- 
roads propose  the  erection  of  an  enormous  Union  Depot  at  Forty- 
second  Street  and  Fourth  Avenue,  which  will  probably  be  com- 
menced in  the  fall.  A.  P.  B. 
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OHIO  RIVER  BRIDGE  AT  STEUBENVILLE. 

By  J.  U.  LiNTiLLE,  Engineer. 

A  PORTION  of  the  masonry  for  abridge  to  connect  the  Pittsburgh 
and  Steubenville  Railroad  with  the  Steubenville  and  Indiana  Rail- 
road, was  erected  in  1856,  when  the  work  was  suspended.  In  1862, 
the  Western  Transportation  Company  having  arranged  to  complete 
the  Pittsburgh  and  Steubenville  Railroad  to  Steubenville,  a  lease  of 
the  franchises  of  the  Holiday's  Cove  Railroad  Company,  with  autho- 
'  nty  to  erect  the  bridge  over  the  Ohio  River,  was  effected,  and  the 
work  was  executed  under  the  auspices  of  the  Trustees. 

To  the  writer  was  assigned  the  duty  of  designing  and  superin- 
tending the  erection  of  the  iron  superstructure. 

By  a  revised  location  of  some  of  the  piers,  the  spans  were  reduced 
to  four  equal  spans  of  235  feet  each,  on  the  eastern  side,  between 
centres  of  piers,  and  three  equal  spans  of  210  feet  between  centres 
of  piers  on  the  western  side  of  the  channel.  The  piers  for  the 
channel  span  are  90  feet  in  height  above  low  water.  They  are  16 
feet  at  the  top,  with  a  batter  of  1  in  24.  The  adjacent  undergrade 
spans  are  supported  in  a  recessed  chamber,  four  feet  deep,  in  the 
sides  of  the  piers,  leaving  an  available  thickness  of  12  feet  of 
masonry  to  support  the  channel  span.  The  distance  between  the 
centres  of  these  bearings  is  820  feet. 

An  act  of  Congress  required  the  channel  span  to  be  constructed 
so  as  to  afford  a  clear  opening  of  300  feet  between  the  piers  and  a 
clear  height  of  90  feet  above  low  water. 

These  requirements  rendered  it  necessary  to  support  the  track 
of  the  channel  span  on  the  lower  chords ;  an  arrangement  which 
impairs  in  some  measure  the  beauty  and  symmetry  of  the  entire 
-structure. 

The  bridge  company  desiring  the  completion  of  the  structure  in 
1863y  without  in  any  manner  obstructing  the  channel,  no  system 
of  wrought  iron  construction  then  in  use  appeared  available, 

A  selection  had  consequently  to  be  made  from  the  plans  of  com- 
posite structures  in  use,  none  of  which  had  been  extended  to  spans 
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of  so  great  extent.  The  "  Linville  and  Piper "  patent  truss  was 
modified  to  meet  the  requirements  of  this  particular  locality,  and 
adopted  by  the  bridge  company. 

The  description  will  be  limited  to  an  explanation  of  the  peculi- 
arities in  the  construction  of  the  span  over  the  channel. 

The  trusses  are  divided  into  24  equal  subdivisions  12  feet  3  ins. 
each,  with  two  end  panels  12  feet  6|  ins.,  making  the  entire  lengtb 
from  centre  to  centre  of  bearings  319  feet  Of  in. 

The  height  from  centre  of  the  lower  chord  to  the  top  of  the 
upper  chord,  at  extremities  is  28  feet,  the  upper  chord  having  a 
camber  of  9  inches,  the  posts  radiating  so  as  to  render  their  bear- 
ing surfaces  normal  to  the  curve  of  the  upper  chord. 

The  lower  chords  consist  of  8  lines  of  "  Linville  and  Piper  " 
patent  upset  eye  bars,  graduated  in  section  to  resist  the  maximum 
effects  of  the  dead  load,  and  of  an  uniformly  distributed  travelling 
load  of  3000  pounds  per  lineal  foot  of  superstructure,  together  with 
the  transverse  strain  from  the  floor  timbers,  without  producing  a 
tensile  strain  in  these  bars,  exceeding  10,000  pounds  per  square 
inch  of  sectional  area. 

The  lower  chords  and  the  looped  ends  of  the  suspension  diago- 
nals are  combined  by  means  of  connecting  pins  4J  inches  in  dia- 
meter, the  suspension  diagonals  being  so  disposed  between  the 
chord  bars  and  ribs  on  the  bases  of  the  posts  as  to  produce  a  shear* 
ing  strain  only  in  the  connecting  pin. 

The  upper  chords  consist  of  two  similar  tube«  of  cast  iron,  having 
an  external  diameter  of  16  inches  at  centre  of  each  section,  and 
slightly  tapering  towards  the  ends*  These  two  sections  are  com- 
bined by  intermediate  cast  iron  ribs  and  webs,  and  terminate  at  the 
abutting  surfaces  in  two  double  rectangular  tubes  with  vertical  ribs, 
between  which  pass  the  suspension  bars. 

By  combining  these  tubes,  greater  width  of  abutting  surface  and 
consequently  greater  lateral  stiffness  was  obtained.  Under  a  maxi- 
mum load  the  strain  per  square  inch  on  upper  chords  does  not 
exceed  10,000  pounds.  The  posts'are  also  twin  tubes  of  cast  iron, 
8  iflcbes  in  diameter,  combined  by  intermediate  webs  and  ribs,  and 
made  in  two  sections,  with  flanged  ends,  through  which  and  the 
intermediate  parting  plate,  pass  16  bolts  1^  inches  to  1  inch  diameter, 
securely  combining  the  two  sections  of  the  posts  to  the  parting 
plates  and  to  each  other.  The  parting  plate  has  four  projecting 
pieces,  with  concave  bearings,  to  receive  the  truss  rods,  which  are 
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secured  near  the  top  of  the  posts,  and  deflecting  eighteen  inches, 
bear  against  the  parting  plate  at  the  centre  of  the  posts,  and  pass- 
ing through  shoulders  near  the  bases  of  the  posts,  are  adjustable 
by  screws  and  nuts  at  their  lower  extremity.  The  posts  are  gradu- 
ated in  thickness  by  Hodgkinson's  formulae,  the  factor  of  safety 
being  assumed  at  one-eighth  of  the  breaking  weight.  The  suspen- 
sion diagonals  consist  of  four  square  bars,  varying  in  section  in  pro- 
portion to  the  strains,  and  were  rolled  in  one  piece,  without  welds. 
The  lower  ends  have  loops  or  eyes,  4J  inches  in  diameter,  which 
receive  the  connecting  pins. 

At  the  upper  ends,  the  section  of  the  bar  is  circular,  formed  by 
upsetting  the  iron  in  moulds,  under  immense  pressure,  and  then 
swaging  the  ends.  Screws  are  then  cut,  the  available  section  of  the 
bar  at  this  point,  after  deducting  screw-threads,  being  equal  to  the 
sectional  area. of  the  square  bar.  The  upper  and  lower  lateral  rods 
are  graduated  in  size,  decreasing  from  1|  inches  diameter  at  the 
extremities  of  the  span,  to  IJ  inches  diameter  at  the  centre.  The 
lower  lateral  rods  have  welded  loops  passing  through  eyes  in 
the  wide  eye  plates,  secured  on  the  ends  of  the  connecting  pins. 
They  meet  in  a  ring  at  their  intersection,  and  are  adjustable  by 
screws  and  nuts.  The  upper  lateral  rods  pass  through  the  cast  iron 
chords,  and  are  adjustable  by  nuts  bearing  against  angle  bosses  cast 
on  the  chords.  A  system  of  diagonals  is  also  introduced  between 
the  posts  and  upper  chords,  the  strut  being  placed  at  sufficient  height 
to  clear  the  traffic. 

Heavy  cellular  pier  plates  of  cast  iron  are  interposed  between  the 
bases  of  the  end  columns  and  the  masonry. 

At  one  end  provision  is  made  for  variations  in  length  arising  from 
changes  in  temperature  by  means  of  a  series  of  rollers  secured  in 
a  frame  of  wrought  iron.  The  track  is  supported  on  longitudinal 
timbers  of  white  oak,  resting  on  the  transverse  white  pine  floor 
timbers,  which  are  sustained  by  the  wide  thin  eye  bars  that  consti- 
tute the  lower  flange  or  chord.  In  consequence  of  the  heavy  Gov- 
ernment contracts  incident  to  the  late  civil  war,  and  the  scarcity  of 
skilled  labor,  great  delay  was  experienced  in  procuring  the  requi- 
site materials ;  and  the  progress  of  the  work  was  frequently  inter- 
rupted. The  erection  of  the  shorter  spans  was  begun  in  1863.  The 
channel  span  not  being  completed  ready  for  erection  during  the 
stage  of  low  water  in  1864,  its  erection  was  deferred  until  the  sum- 
mer of  1865.   To  keep  the  channel  open,  and  avoid  risks  from  sum- 
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mer  freshets,  a  wooden  pier  and  two  trestle  abutments  40  feet  in 
height,  were  erected  to  support  two  spans  of  wooden  Howe  truss 
bridge,  on  which  were  placed  wooden  trestles  25  feet  in  height,  to 
carry  the  iron  superstructure  of  the  channel  span.  The  erection  of 
the  channel  span  occupied  about  three  weeks.  The  entire  work  was 
completed  in  August,  1865,  without  accident. 

The  general  design  of  the  deck  spans  is  similar  to  that  of  the 
channel  span.  The  end  posts  are  vertical.  The  upper  chords  con- 
sist of  cast  iron  tubes  to  resist  the  compressive  strains,  with  two 
lines  of  rolled  I  beams,  one  at  each  side  of  each  tube,  to  sustain 
the  floor  timbers  supporting  the  track. 

The  channel  span  was  fitted  in  the  shops  of  the  Pennsylvania 
Eailroad  Company,  Altoona. 

The  Keystone  Bridge  Company  of  Pittsburgh  were  the  contrac- 
tors for  the  manufacture  and  erection  of  the  seven  deck  spans,  and 
the  erection  of  the  channel  span;  also,  at  the  same  time,  for  the 
manufacture  and  erection  of  the  great  double  track  iron  span  of 
265  feet  over  the  Monongahela  River  at  Pittsburgh,  the  long  line 
of  plate  bridge  in  South  Pittsburgh,  and  the  iron  bridge  at  Saw 
Mill  Bun,  all  for  the  same  line  of  road.  The  channel  span  over 
the  Monongahela  was  constructed  from  the  patterns  of  the  channel 
span  at  Steubenville,  such  modifications  being  made  as  were  neces^ 
sary  to  adapt  the  bridge  for  a  double  line  of  rails. 

All  these  bridges  have  been  constructed  by  the  aid  of  the  most 
approved  machinery ;  the  bearings  being  actually  planned  and  the 
eyes  in  the  eye  bars  of  chords  being  drilled  with  so  great  accuracy 
that  no  variation  exceeding  100th  part  of  an  inch  was  allowed.  To 
test  the  strength  of  the  large  tubes,  and  the  wrought  iron  bars, 
chords,  &;c.,  a  hydrostatic  testing  machine  was  provided,  capable  of 
exerting  a  compressive  force  of  675  tons  on  columns  8  feet  diame- 
ter and  80  feet  in  length,  and  a  tensile  strain  of  180  tons  on  bars  40 
feet  in  length,  or  on  any  intermediate  size;  thus  enabling  the  engi- 
neer to  test  to  the  proof  strain,  all  the  materials  used  in  these 
structures. 

Owing  to  unavoidable  delays  in  the  preparation  of  this  machine, 
it  was  possible  to  test  only  a  few  of  the  posts,  chords,  bars,  &c., 
but  the  results  demonstrated  conclusively  the  accuracy  of  the  data 
from  which  the  proportions  of  the  tubes  had  been  determined. 

The  completed  structure  was  tested  by  passing  a  train  of  engines 
and  cars  loaded  to  their  utmost  capacity  with  railway  bars,  the  load 
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entirely  covering  the  channel  span,  and  amounting  to  about  1^  tons 
per  lineal  foot.  The  deflection  being  carefully  indicated  by  a  pencil 
point  on  a  rod  fixed  to  the  scafifolding,  free  from  the  structure,  did 
not  exceed  five-eighths  of  an  inch.  The  weight  of  cast  iron  in  tho  . 
channel  span  is  greatly  increased  by  the  material  consumed  in  the 
webs  and  ribs  combining  the  twin  chord  tubes  and  posts,  also  in 
the  additional  system  of  transverse  struts  to  resist  the  effects  of  the 
diagonal  bracing.  By  combining  the  posts  and  chords  in  this  man- 
ner, the  eflfective  width  of  each  truss  was  increased  to  45  inches, 
thus  adding  to  the  lateral  stiffness  of  the  posts  and  chords,  and 
ensuring  the  lateral  stability  of  the  bridge.  This  system  of  com- 
bining and  trussing  the  posts  was  new  and  untried.  This  span  was 
the  pioneer  of  long  spans  of  iron  truss  bridges  on  this  continent, 
and  to  ensure  success  it  was  deemed  prudent  to  allow  considerable 
margin  on  the  side  pf  safety. 

The  weight  of  cast  iron  consumed  in  the  construction  of  the 
channel  span  was  2136  pounds  per  lineal  foot,  and  of  best  refined 
wrought  iron  1423  pounds  per  lineal  foot. 

The  line  was  opened  in  September,  1865,  and  since  that  time  the 
bridge  has  sustained  the  constant  heavy  traffic  without  developing 
any  defects,  or  requiring  adjustment. 

Since  the  completion  of  this  bridge,  arrangements  have  been 
effected  with  the  "  Union  Iron  Mills  "  of  Pittsburgh,  to  furnish  the 
"  Linville  and  Piper  "  patent  wrought  iron  tubular  columns,  "  Upset 
Chord  Bars,"  and  wrought  iron  beams  for  the  patent  upper  chords, 
which  are  now  generally  adopted  in  the  construction  of  long  spans. 
They  would  have  been  employed  in  the  Ohio  Eiver  Bridge  in  pre- 
ference to  cast  iron  upper  chords  and  columns,  if  delays  in  the 
preparation  required  to  manufacture  these  shapes  had  not  been 
apprehended. 


Self-Hegistering  Compass. — An  instrument  of  this  descrip- 
tion, devised  by  Captain  Albini,  of  the  Italian  Navy,  and  construc- 
ted by  Messrs.  Elliot  Bros.,  of  London,  was  exhibited  at  the  late 
Conversazione  of  the  Institute  of  Civil  Engineers.  It  consists  essen- 
tially of  a  compass,  with  a  card  carrying  types  at  its  periphery  in 
such  a  way  that,  by  an  attached  clockwork,  an  impression  may  be 
made  at  stated  intervals  on  a  band  of  paper,  from  whatever  type  is 
over  a  certain  point  at  these  times.  Thus  clearly  an  almost  con- 
tinuous record  of  the  ship's  course  may  be  automatically  produced. 
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STEAM  BOILER  EXPLOSIONS. 

There  it  no  subject  upon  which  we  have  written  more  than  that 
of  steam  boiler  explosions.  These  occurrences  are  denominated 
^*  accidents,"  but  long  past  experience  has  taught  us  that  they  almost 
invariably  owe  their  origin  to  either  faulty  construction,  bad  work- 
ing, or  careless  and  inefficient  tending.  "  Accident"  is  the  convenient 
term  under  which  steam  users  often  obtain  absolution  from  culpa- 
ble carelessness,  or  even  wilful  and  criminal  neglect.  As  matters 
stand  at  present,  boiler  makers  can  palm  off  bad  boilers  on  the 
public,  and  steam  users  employ  them  with  the  certainty  that  when 
they  explode  with  fatal  consequences  they  will,  by  the  help  of  a 
coroner  and  his  jury,  be  publicly  absolved  from  all  responsibility, 
And  the  event  proclaimed  to  be  "  accidental."  We  have  said  fre- 
quently before,  and  we  again  repeat,  that  the  causes  of  explosion 
^re  so  simple,  their  results  so  fatal,  and  their  occurrence  so  frequent, 
that  it  is  high  time  some  action  was  taken  to  secure  common  sense 
investigations  into  these  matters.  The  Manchester  Steam  Users' 
Association  has  done  very  much,  through  their  engineer,  Mr.  L.  E. 
Fletcher,  in  exposing  the  fallacy  of  the  present  system  of  investi- 
gation. At  the  last  annual  general  meeting  of  its  members,  as  well 
as  at  the  previous  one,  attention  was  called  to  the  unsatisfactory 
character  of  the  inquiries  conducted  by  coroners  with  regard  to 
fatal  boiler  explosions,  and  to  the  erroneous  verdicts  returned.  It 
was  also  shown  how  important  it  was  that  this  evil  should  be  cor- 
rected, and  sound  information  disseminated  in  every  case,  in  order 
to  check  the  loss  of  life  and  suffering  at  present  recurring  week  by 
week,  and  at  the  same  time  render  unnecessary  any  governmental 
action,  which  might  prove  an  interference  with  the  freedom  of  the 
steam  user.  "With  this  view,  resolutions  were  passed  at  both  of 
those  meetings,  requesting  the  committe  to  take  the  necessary  steps 
to  secure  these  investigations  being  rendered  more  satisfactory,  so 
that  the  truth  might  be  fully  arrived  at  and  plainly  spoken  in  every 
case.  In  order  to  place  the  matter  prominently  before  the  public,  a 
paper  upon  the  subject  was  read  at  the  last  meeting  of  the  British 
Association.  Following  this,  at  the  annual  general  meeting  of  the 
Steam  Users'  Association,  held  on  March  9  last,  it  was  proposed 
that  the  attention  of  the  Government  should  now  be  drawn  to  the 
subject,  and  that  a  deputation  should  wait  upon  the  Home  Secre- 
tary with  a  memorial. 
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Thus  far,  this  useful  association  had  proposed.  Now  came  the 
time  to  act ;  and  we  find  that  no  time  was  lost  in  carrying  out  the 
proposition.  At  the  following  meeting  of  the  Executive  Com- 
mittee, a  memorial  was  submitted  for  approval,  discussed  and 
adopted.  Mr.  Thomas  Bazley,  M.P.  for  Manchester  was  at  once 
communicated  with,  and  his  assistance  in  the  matter  requested ;  and 
through  his  good  offices,  a  deputation  of  the  Association  had  an 
interview  with  Mr.  Bruce,  the  Secretary  of  State  for  the  Home 
Department,  on  Friday,  April  16.  A  sudden  and  severe  attack  of 
illness  prevented  Mr.  Fairbairn,  the  President  of  the  Association, 
accompanying  the  deputation.  It  consisted  of  three  of  the  Vice- 
Presidents,  Mr.  Thomas  Bazley,  M.P.,  Manchester;  Mr.  Hugh 
Mason,  Ashton-under-Lyne ;  and  Mr.  John  Penn,  C.E.,  Greenwich. 
Also  of  Mr.  John  Lancaster,  M.P.,  Wigan ;  and  Mr.  Thomas  Scho- 
field,  Manchester,  members  of  the  Executive  Committee ;  as  well 
as  of  Mr.  John  Hick,  M.P.,  of  Bolton,  Corresponding  Member,  and 
Mr.  L.  E.  Fletcher,  Chief  Engineer.  Mr.  Bazley  introduced  the 
deputation  to  the  Home  Secretary,  and  briefly  called  attention  to 
the  serious  loss  of  life  and  suflfering  entailed  by  steam  boiler  explo- 
sions. He  pointed  out  that  this  was  preventable,  and  explained 
that  it  was  the  wish  of  the  memorialists  that  coroners  should  be 
empowered  and  instructed  to  command  the  attendance  of  eminent 
engineers  to  give  evidence,  when  conducting  enquiries,  in  conse- 
quence of  these  sad  disasters,  so  that  the  light  might  be  thrown  on 
the  subject,  and  greater  care  induced ;  by  which  means,  it  was 
thought  that  the  loss  of  life  and  property  now  occurring  would  be 
much  lessened,  if  not  altogether  prevented.  Mr.  Bazley  concluded 
by  presenting  Mr.  Bruce  with  the  memorial,  which  we  shall  now 
proceed  to  notice. 

We  have  often  had  occasion  to  observe  that  it  is  entirely  in  the 
hands  of  steam  users  whether  they  will,  by  the  exercise  of  common 
sense  and  ordinary  discretion,  save  themselves  from  Government 
interference  and  control,  or  whether,  by  persistently  pursuing  a 
short-sighted  and  danger-fraught  policy,  they  will  continue  to  court 
that  supervision  which  they  would  be  the  first  to  most  strenuously 
resist.  Nor  would  we  wish  to  see  such  a  system  established.  Nor 
does  the  Steam  Users'  Association  desire  this.  On  the  contrary, 
the  object  the  memorialists  have  in  view  is  not  to  promote  a  sys- 
tem of  Governmental  periodical  boiler  inspection,  to  which  manu- 
facturers entertain  a  strong  feeling  of  repugnance,  and  which  the 
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Association  watS  originally  founded  to  prevent.  But  the  object  is 
to  so  improve  coroners'  inquiries  with  regard  to  boiler  explosions, 
that  sound  views  with  regard  to  the  causes  of  these  disasters  nfiay 
be  disseminated,  and  all  mystery  with  regard  to  them  dispelled. 
Boiler  explosions  would  be  prevented,  and  further  Governmental 
interference  would  be  rendered  unnecessary,  if  only  faithful  inves- 
tigation and  plain  speaking  were  made  compulsory.  And  the  way 
in  which  this  is  to  be  accomplished  is  clearly  set  forth  in  the  memo^' 
rial.  That  important  document  first  points  out  the  constant  loss  of 
life  and  the  suffering  arising  from  steam  boiler  explosions.  At  tbo 
present  time,  nearly  fifty  explosions  occur  on  an  average  every 
year,  killing  from  sixty  to  seventy  persons,  and  injuring  as  many 
others.  Many  of  the  persons  killed  and  injured  are  bread-winners, 
so  that  not  only  do  they  suffer,  but  a  great  many  others  are  ren- 
dered  more  or  less  destitute.  The  number  of  persons  killed  every 
year  by  boiler  explosions  exceeds  the  number  of  passengers  killed 
on  all  the  railways  throughout  the  United  Kingdom.  From  the 
return  published  by  the  Board  of  Trade,  it  appears  that  during  the 
last  six  years,  123  passengers  wqre  killed,  while  during  the  same 
period  390  persons  were  killed  by  boiler  explosions,  the  annual 
average  of  lives  lost  being  from  twenty  to  twenty-one  in  the  case 
of  railway  passengers,  and  of  'sixty-five  in  consequence  of  boiler 
explosions.  Thus  it  will  be  seen  that  for  every  passenger  who  loses 
his  life  by  railway  travelling,  three  persons  are  killed  by  boiler 
explosions. 

Such  are  the  results.  Now  as  to  the  cause ;  and  this,  as  shown 
by  the  memorial,  is  summed  up  in  one  short  word — neglect.  The 
system  of  voluntary  periodical  boiler  inspection  carried  out  by  the 
Association  for  the  last  fourteen  years  has  proved  fully  adequate 
to  the  prevention  of  explosions ;  not  a  single  boiler  ever  guaran- 
teed has  exploded.  The  constant  investigations  of  boiler  explosions 
have  shown  that  much  unnecessary  mystery  has  been  attached  to 
the  subject  of  steam  boiler  explosions,  and  that  they  all  arise  from 
the  simplest  causes,  and  could  readily  be  prevented.  As  a  rule, 
boilers  burst  simply  because  they  are  bad.  Bad  either  from  origi- 
nal malconstruction,  or  bad  from  the  effects  of  hard  work  and  old 
age.  In  a  word,  the  cause  of  every  boiler  explosion  is  neglect,  and 
the  preventive  simply  care.  It  would  follow  that  if  people  will 
have  no  care  for  themselves,  no  one  ought  to  care  for  them.  But 
the  suffering  does  not  always  fall  on  the  careless  ones.     Death  is 


Digitized  by  VjOOQ IC 


Steam  Boiler  Explosions.  97 

dealt  around  amongst  the  innocent,  whilst  the  guilty  are  generally 
absolved,  even  from  blame.  It  is  for  and  on  behalf  of  the  real 
sufferers  that  the  Association  interferes,  and  by  the  memorial  shows 
coroners'  investigations,  with  regard  to  steam  boiler  explosions,  to 
be  incomplete,  and  the  verdicts  delusive.  It  is  not  as  an  institu- 
tion that  the  coroner^s  inquest  is  condemned,  but  it  is  the  manner 
in  which  it  is  practically  carried  out  to  which  the  strictures  in  the 
memorial  refer.   The  next  point  is,  how  this  difficulty  is  to  be  met. 

The  plan  recommended  for  adoption  in  the  memorial  is  simply 
that  every  coroner  should  be  both  empowered  and  instructed,  when 
conducting  an  inquiry  consequent  on  a  fatal  steam  boiler  explosion, 
to  avail  himself  of  the  assistance  of  two  competent  engineers,  having 
no  connection  with  the  works  at  which  the  explosion  occurred. 
These  engineers  are  to  visit  the  scene  of  the  catastrophe,  investi- 
gate the  cause  of  the  explosion,  and  report  to  the  coroner  thereon, 
their  reports — which  may  be  either  joint  or  several,  as  most  con- 
venient— to  be  accompanied  with  explanatory  sealed  drawings, 
showing  the  original  construction  of  the  boiler,  and,  as  far  as  pos- 
sible the  lines  of  rent,  as  well  as  the  direction  in  which  the  frag- 
ments were  thrown,  and  the  distances  at  which  they  fell.  The 
engineers  to  attend  the  inquest,  and  assist  the  coroner  in  his  exami- 
nation of  witnesses,  as  well  as  to  give  evidence  themselves  before 
the  jury.  Further,  in  order  to  secure  to  the  public  the  full  advan- 
tage of  the  investigation,  the  engineers'  reports,  with  the  drawings, 
to  be  printed  and  deposited  in  the  Patent  Office,  and  to  lie  there  for 
inspection  and  purchase,  as  in  the  case  of  specifications  of  inven- 
tions. Also  copies  of  these  reports  to  be  forwarded  to  the  mem- 
bers of  both  Houses  of  Parliament,  as  in  the  case  of  reports  on 
railway  accidents. 

Such  a  course  of  procedure  would  primarily  result  in  the  accu- 
mulation of  a  mass  of  very  valuable  information.  But  beyond 
this — and  what  is  of  the  highest  importance — the  responsibility  of 
every  steam  boiler  explosion  would  be  brought  home  to  the  right 
party.  This  would  render  any  further  Governmental  action  unneces- 
sary, and  very  shortly  put  an  end  to  steam  boiler  explosions,  simply 
by  the  force  of  truthful  investigation  and  plain  speaking.  The  fact 
is  not  lost  sight  of  that  many  coroners  have  already  the  power — of 
which,  in  some  cases,  they  avail  themselves — of  remunerating  com- 
petent scientific  witnesses,  and  which  proves  of  considerable  public 
service.  But  such  is  not  the  case  in  every  instance,  and  coroners 
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to  whom  the  plan  proposed  in  the  memorial  has  been  mentioned, 
have  stated  that  it  would  prove  of  considerable  assistance  to  them 
in  conducting  their  investigations  on  such  technical  subjects  as 
boiler  explosions,  and  that  they  should  be  glad  to  see  it  brought 
into  operation. 

In  his  reply  to  the  memorial,  Mr.  Bruce  appeared  to  fear  that 
there  might  be  some  partiality  in  affording  to  boiler  attendants  a 
Governmental  investigation  on  the  occurrence  of  fatal  disasters, 
without  extending  that  protection  to  railway  passengers  and  col- 
liery workers.  But  it  should  be  remembered  that  the  very  protec- 
tion now  sought  for  boiler  attendants  is  already  enjoyed  by  railway 
passengers  and  colliery  workers,  while  the  boiler  attendant  is  left 
unbefriended,  so  that  the  partiality  anticipated  already  exists  to  the 
neglect  of  the  poor  stoker,  while  the  tendency  of  the  Association's 
proposition  would  be,  not  to  create  a  partiality,  but  to  remove  one 
already  existing.  The  plan  recommended  is,  in  fact,  simply  an 
extension  to  boiler  attendants  of  the  privileges  enjoyed  by  railway 
passengers  and  colliery  workers,  though  in  a  slightly  different  form. 
In  the  event  of  a  railway  disaster,  a  Government  engineer  is  sent 
down  to  make  an  investigation,  and  report  to  the  Board  of  Trade 
thereon,  his  report  being  presented  to  the  members  of  both  Houses 
of  Parliament,  and  open  to  the  purchase  of  the  public ;  while,  in 
addition,  he  attends  the  coroners'  inquest,  and  assists  in  the  exami- 
nation of  witnesses.  In  the  event  of  a  colliery  explosion,  a  Govern- 
ment mining  inspector  is  present  at  the  inquest,  and  assists  the 
coroner  in  conducting  his  inquiry ;  while  an  annual  return  of  colliery 
explosions  is  published.  In  the  event,  however,  of  a  boiler  explosion, 
though  the  subject  is  one  of  a  technical  character,  and  on  which  a 
good  deal  of  misapprehension  exists,  while  questions  arise  with 
regard  to  it  which  may  fairly  be  considered  as  beyond  the  province 
of  what  is  technically  termed  "common  knowledge ;"  yet  boiler 
attendants  are  left  without  the  protection  of  a  satisfactory  investi- 
gation of  the  cause  of  the  catastrophe,  and  evidence  from  incompe- 
tent parties,  or  from  those  interested  in  suppressing  the  facts,  is 
accepted,  and,  consequently,  as  so  often  stated,  the  truth  is  seldom 
arrived  at  and  seldom  spoken. 

It  will  be  seen,  from  what  we  have  stated,  that  some  action  is 
needed  to  redress  the  present  inequality,  and  afford  to  boiler  attend- 
ants the  privilege  of  as  unbiassed  an  investigation  as  is  now  secured 
by  the  Crown  to  colliery  workers  and  railway  passengers.     The 
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initial  movement  in  this  action  is  now  being  taken  by  the  Man- 
chester Steam  Users'  Association,  and  should  they  succeed  in  bring- 
ing the  measure  they  propose  into  operation,  they  will  richly  deserve 
the  thanks  of  boiler  attendants,  boiler  owners,  and  boiler  makers. 
They  will  deserve  the  thanks  of  boiler  attendants  for  saving  the 
lives  of  some  sixty  or  seventy  of  their  number  every  year,  many 
of  whom  are  bread-winners,  and  by  thus  preventing  a  vast  amount 
of  suflFering,  not  of  themselves  only,  but  also  of  their  families.  They 
will  deserve  the  thanks  of  boiler  owners  and  boiler  makers  for 
preserving  them  from  a  system  of  Governmental  periodical  inspec- 
tion, to  which  sooner  or  later  they  would  otherwise  inevitably  sub- 
ject themselves,  and  which  could  not  fail  to  be  harrassing,  and  to 
limit  progress.  They  will  also  deserve  the  thanks  of  the  public 
fv)r  the  additional  security  they  will  have  imparted  to  life  and  pro- 
perty. We  give  them  our  cordial  support  in  the  matter,  and  our 
best  wishes  for  their  success. — Mechanics'  Magazine. 


ON  THE  BRIDGE  OVER  THE  THAMES  CARRYING  THE  WEST  LON- 
DON EXTENSION  RAILWAY.* 

By  Mr.  Lawford,  M.  Inst.  C.  E. 

This  bridge  was  erected  for  the  purpose  of  carrying  the  West 
London  Extension  Railway  (which  connects  the  North- Western  and 
Great-Western  Railways  with  Victoria  Station,  at  Pimlico),  across 
the  River  Thames,  between  Chelsea  and  Battersea,  under  the  pro- 
visions of  an  Act  of  Parliament,  which  received  the  royal  assent 
on  August  13,  1859.  The  bridge  consists  of  five  segmental  arches 
of  wrought  iron,  each  arch  having  a  span  144  feet  on  the  skew, 
with  a  rise  of  16  feet,  or  Jth  of  the  span.  There  are  also,  on  the 
Middlesex  side  of  the  river,  six,  and  on  the  Surrey  side  four,  land 
arches  of  brick  work,  each  with  a  span  of  40  feet  and  a  rise  of  10 
feet.  The  total  length,  therefore,  of  the  whole  structure  is  1,270 
feet.  The  abutments  and  piers  of  the  five  main  openings  are  mas- 
sive pieces  of  masonry,  and  are  carried  to  a  depth  of  36  feet  below 
Trinity  high  water  mark,  and  14  feet  below  the  bed  of  the  deepest 
part  of  the  river.  The  soffit  of  the  arches  at  the  crown  is  22  feet 
above  the  same  point,  L  e.,  Trinity  high- water  mark,  in  accordance 

*  Abstract  of  paper  read  before  the  Civil  and  Mechanical  Engineers'  Society. 
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with  the  requirements  of  the  Admiralty  and  the  Conservators  of 
the  Kiver  Thames.  The  level  of  the  rails  is  26  feet  above  Trinity 
high-water  mark.  The  width  of  the  river  between  the  two  abut- 
ments is  776  feet  on  the  skew,  and  706  feet  on  the  square.  The 
width  of  waterway  aflforded  is  720  feet.  The  angle  at  which  the 
bridge  crosses  the  river  is  75  degrees.  The  greatest  depth  of  water 
is  22  feet  below  Trinity  high-water  mark,  the  average  rise  and  fall 
of  the  tides  at  this  place  being  about  13  feet  6  inches. 

The  piers  were  constructed  in  coffer-dams,  the  inner  row  of  piles 
being  5  feet  from  the  outer  edge  of  the  lowest  course  of  masonry, 
and  were  driven  to  a  depth  of  15  feet  below  the  bed  of  the  river; 
the  outer  row  were  5  feet  from  the  inner  row,  and  were  driven  to  a 
depth  of  only  8  feet  from  the  same  point,  the  space  between  the 
two  rows  of  piles  being  filled  with  puddled  clay.  At  the  conclu- 
sion of  the  work  the  outer  row  of  piles  were  drawn,  but  the  inner 
row  of  piles  were  cut  off  level  with  the  bed  of  the  river.  As  the 
masonry  of  the  piers  proceeded,  the  space  between  them  and  the 
piles  was  filled  with  puddled  clay,  well  trodden  in,  to  a  height  of  3 
feet  above  the  bed  of  the  river.  Each  pier  stands  on  a  bed  of  con- 
crete 2  feet  thick,  extending  3  feet  beyond  the  lowest  course  of  foot- 
ings. On  the  concrete  is  laid  a  course  of  York  landings,  1  foot 
thick,  and  projecting  1  foot  beyond  the  footings. 

The  foundations  are  carried  up  in  a  brick  work  to  within  2  feet 
of  the  bed  of  the  river,  where  there  is  a  through  course  of  stone  2 
feet  thick.  From  this  point  to  the  springing  of  the  arch,  the  pier 
is  faced  with  picked  face  ashlar  of  Bramley  Fall  stone.  There  is 
a  second  through  course  of  stone  half  way  between  the  bed  of  the 
river  and  the  springing,  and  the  upper,  or  last  7  feet  of  the  piers, 
including  the  springers  (which  are  3  feet  thick),  are  entirely  solid 
stonework.  The  two  abutments  are  built  similarly  to  the  piers, 
except  that  they  have  hollow  chambers,  filled  with  gravel  to  a 
height  of  3  feet  above  the  springing  of  the  arch ;  each  abutment 
being  just  on  the  edge  of  the  river  required  only  half  a  coffer  dam 
for  its  construction.  All  stone  work  of  both  piers  and  abutments 
above  springing  height  is  tool  dressed.  The  concrete  used  in  this 
bridge  was  composed  of  five  parts  of  gravel  to  one  of  blue  lias 
lime,  and  the  mortar  of  two  measures  of  sharp  sand  to  one  of  the 
same  sort  of  lime. 

Each  of  the  river  arches  is  composed  of  six  wrought  iron  ribs, 
arranged  in  pairs,  2  feet  6  inches  apart  from  centre  to  centre.   The 
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arch  or  voussoir  of  the  four  main  or  inside  girders  is  formed  of  | 
inch  vertical  plates,  89  inches  deep  at  the  springing,  and  24  inches 
deep  at  the  crown,  with  double  angle  irons,  each  4  inches  by  3J 
inches  by  |  inch  top  and  bottom,  to  which  the  flanges  are  attached 
by  means  of  rivets.     There  is  also  a  packing  strip  8  inches  by  J 
inch  between  the  angle  iron  and  the  flanges.     The  flanges  consist 
of  two  §  inch  plates,  18  inches  wide.     The  upper  member  of  the 
inside  ribs  is  a  horizontal  parallel  girder,  similarly  constructed,  but 
only  24  inches  deep  throughout  its  entire  length.   The  vertical  web 
is  \  inch  plate  from  the  pier  to  the  point  where  the  upper  and  lower 
member  intersect,  i.  e.,  15  feet  from  the  centre  of  the  arch,  and  from 
this  point  both  vertical  webs  are  |  inch  in  thickness.     The  bottom 
flange  of  the  horizontal  girder  consists  of  one  plate  16|  inches  wide 
by  J  inch,  two  angle  irons  3}  inches  by  3J  inches  by  J  inch,  and 
a  packing  strip  8  inches  by  J  inch.     The  upper  flange  is  15  inches 
wide,  all  other  dimensions  being  the  same  as  those  of  the  lower 
flange ;  but  the  top  plate  is  slightly  curved  inwards  towards  the 
rails.    In  the  two  outside  ribs  the  voussoir  is  constructed  as  already 
described,  but  is  30  inches  deep  at  the  crown,  and  39  inches  at 
the  springing.     It  may  be  as  well  to  mention  here  that  in  these 
two  girders,  on  the  outside  faces  of  the  arch,  all  the  rivets,  except- 
ing those  in  the  angle  irons,  are  countersunk,  no  cover  plate  either 
being  visible  at  the  joints.     The  whole  centre  web  presents,  there- 
fore, the  appearance  of  one  smooth  unbroken  plate.    This  centre 
web  is  a  I  inch  plate,  the  two  flanges  are  single  J  inch  plates  16 
inches  wide,  the  angle  irons  3J  inches  by  3J  inches  by  \  inch,  and 
the  packing  pieces  8  inches  by  J  inch.     The  upper  member  is  con- 
structed in  the  same  manner  as  that  of  the  inside  rib,  but  it  has 
throughout  the  whole  span  \  inch  vertical  plates,  and  is  only  18 
inches  deep  at  the  crown  of  the  arch.   The  upper  flange  is  18  inches 
wide,  and  is  parallel  with  the  lower  flange,  which  is  only  15  inchas 
wide.     The  angle  irons  and  packing  pieces  are  of  the  same  dimen- 
sions as  those  already  described  for  the  inside  top  members.    The 
total  depth  of  the  girders,  both  inside  and  outside  at  the  centre  of 
the  arch,  is  the  same,  viz.,  48  inches. 

The  sectional  area  of  each  of  the  four  main  girders  is  as  follows  J 
In  the  arch  at  the  springing,  80  square  itiches;  in  the  upper  mem» 
her  do.,  43  square  inches — total,  123  square  inches;  and  at  the 
centre  of  the  arch,  where  the  upper  and  lower  members  are  together, 
105  square  inches,  the  mean  average  being  114  square  inches.   These 
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are  the  full  sectional  areas,  including  the  rivets.  The  voussoir  and 
the  upper  horizontal  girder  of  the  four  main  girders  are  connected 
together  by  a  lattice  spandrel,  composed  of  H-iron,  of  three  differ- 
ent sizes,  viz.,  7  inch,  6  inch  and  5  inch  by  |  inch.  A  stiffening 
bar  of  flat  iron,  ^  inch  thick,  is  added  to  each  side  of  the  Il-iron, 
connecting  the  lattice  bars  throughout  at  the  angles  of  intersection. 
In  the  outside  girders  the  lattice  and  stiffening  bars  are  all  made 

of  double  T-iron,  riveted  together,  thus  )I|,  and  of  the  same  dimen- 
sions as  the  H-iron,  i.  c,  7  inches  by  3  J  inches,  6  inches  by  3  inches, 
and  5  inches  by  2J  inches,  all  J  inch  iron.  Each  pair  of  ribs  is 
connected  near  the  haunches  by  means  of  frames,  composed  of 
angle  irons,  cross  braced  and  riveted  to  the  ribs,  forming  an  open 
box  girder.  This  principle  is  continued  to  the  crown  of  the  arch, 
where  the  voussoir  and  top  girder  unite  in  a  double  cell.  Each 
pair  of  main  girders  are  braced  together  at  the  haunches  by  means 
of  trellis  transverse  girders  2  feet  6  inches  deep,  carried  up  at  equi- 
distant intervals  to  within  10  feet  of  the  centre  of  the  arch.  There 
are  seven  of  these  in  each  half  arch ;  they  are  composed  of  angle 
and  bar  iron,  3J  inches  by  3J  inches  by  J  inch.  The  top  members 
of  the  main  ribs  are  secured  together  by  the  cross  girders,  which 
carry  the  roadway;  the  arc  fixed  over  the  whole  length  of  the 
bridge,  4  feet  apart  from  centre  to  centre,  and  are  composed  of  a 
middle  web  of  iron,  10  inches  deep,  and  J  inch  thick,  the  bottom 
of  which  is  flanged  with  double  angle  iron,  3J  inches  by  8J  inches 
by  i  inch,  and  the  top  with  double  channel  iron,  on  the  lower  flange 
of  which  the  buckle  plate  flooring  rests.  The  cross  girders  rest  on 
the  lower  flange  of  top  main  girder,  and  are  secured  in  their  places 
by  iron  knee-pieces,  riveted  through  the  centre  webs.  The  main 
or  bearing  girders  are  again  cross  braced  by  diagonal  rods,  bolted 
to  a  centre  plate,  and  to  brackets  riveted  on  to  each  of  the  angles. 
There  are  three  sets  of  these  tie-rods  in  each  half  arch. 

Upon  the  end  of  each  arch  or  voussoir  a  plate  of  cast  iron,  3 
inches  thick  is  fixed,  the  back  of  which  is  planed  quite  true  and 
even.  These,  again,  fit  into  heavy  cast  iron  shoes  (weighing  2  tons 
each),  let  into  the  stone  skewbacks  of  the  piers  and  abutments,  and 
by  means  of  wrought  iron  wedges  are  finally  adjusted  in  their  seats. 
Contraction  and  expansion  are  provided  for  as  follows:  Oast  iron 
standards  are  bolted  to  the  stone  work  of  the  piers  and  united  by  a 
cast  iron  frame,  secured  with  bolts  and  nuts.   These  standards  have 
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recesses  to  receive  the  ends  of  the  horizontal  girders,  and  secure 
them  in  position,  at  the  same  time  allow  for  horizontal  motion.  A 
bed  and  bearing  plate,  planed  perfectly  parallel,  are  fixed  under  the 
ends  of  the  horizontal  girders,  upon  which  they  slide. 

The  railway  is  a  double  line  of  mixed  gauge,  and  is  carried  over 
the  bridge  by  means  of  longitudinal  timbers  with  transoms  every 
10  feet.  Ash  ballast  is  used  all  over  the  bridge.  A  cast  iron 
moulding  is  attached  to  the  horizontal  girder,  throughout  its  whole 
length,  and  a  cast  iron  plinth  is  bolted  on  to  the  top  of  the  same ; 
an  ornamental  cast  iron  parapet  is  fixed  on  the  plinth,  and  the 
whole  is  surrounded  by  a  wooden  hand  rail.  The  iron  of  which 
this  bridge  is  built  was  manufactured  by  the  Shelton  Iron  Company, 
at  Stoke-upon-Trent,  and  is,  perhaps,  better  known  as  Lord  Gran- 
ville's iron.  In  the  experiments  made  for  testing  the  quality  of  the 
iron,  it  bore  a  tensile  strain  of  nearly  18  tons  per  square  inch,  with- 
out showing  any  signs  of  fracture.  The  IE  and  T-iron  used  in  the 
spandrils  was  rolled  by  the  Butterley  Iron  Company.  About  three- 
quarters  of  the  iron  work  was  made  and  put  together  by  Messrs- 
Calvert,  of  York,  and,  on  the  collapse  of  that  firm,  it  was  completed 
by  Mr.  Charles  Lungley,  the  iron  ship  builder  of  Deptford.  The 
contractor  for  the  work,  and,  indeed,  for  the  whole  of  the  West 
London  Extension  Kailway,  were  Messrs.  Brassey  and  Ogilvie — 
names  well  known  in  the  railway  world — ^and  a  sufficient  guarantee 
that  the  work  would  be  well  and  substantially  carried  out.  The 
width  of  the  bridge  between  the  cast  iron  parapets  is  30  feet  in  the 
clear.  The  total  width  of  the  piers  from  out  to  out  above  spring- 
ing level  is  35  feet  6  inches,  and  at  that  level,  including  the  cut 
waters,  53  feet  6  inches.  The  total  cost  of  the  bridge  was  £104,000, 
or  £82  per  lineal  foot,  and  £2  10s.  per  superficial  foot.  The  ma- 
terials used  in  its  construction  were  2,000  cubic  yards  of  con- 
crete, 11,100  cubic  yards  of  brick  work  in  mortar,  130,000  cubic 
feet  of  stone,  2,160  tons  of  wrought  iron,  366  tons  of  cast  iron,  2 
tons  of  lead,  and  28,000  cubic  feet  of  timber,  exclusive  of  the 
piles.  This  bridge  was  the  joint  design  of  Messrs.  Baker  and  Ber- 
tram, the  chief  engineers  of  the  Great  Western  and  North- Western 
Railways.  It  was  opened  for  public  traffic  on  March  2,  1863,  since 
which  date  some  hundreds  of  trains  have  passed  over  it  daily,  and 
I  am  not  aware  that,  up  to  the  present  time,  any  expense  whatever 
(beyond  the  maintenance  of  the  road)  has  been  incurred,  either  in 
repairs  or  otherwise.     The  bridge  was  only  15  months  under  con- 
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struction,  i.  e.,  from  the  time  the  first  stone  was  laid  until  a  loco- 
motive passed  over  the  river.  The  bridge  was  very  severely  tested 
on  January  7,  1863,  by  Captain  Tyler.  The  narrow  gauge  load 
consisted  of  two  locomotives  and  tenders,  funnel  to  funnel,  and  two 
tank  engines ;  total  length  of  train  132  feet,  total  weight  176  tons. 
The  broad  gauge  load  consisted  of  two  tank  engines,  in  the  same 
position  as  the  narrow  gauge  engines,  each  drawing  six  loaded  coal 
wagons ;  total  length  of  train  276  feet,  total  load  292  tons ;  these 
two  loads,  collectively,  being  equal  to  about  2 J  tons  per  lineal  foot. 
First,  the  narrow  gauge  load  passed  over  No.  1  arch  at  speed,  the 
deflection  5-lOOths  of  a  foot.  Second,  the  broad  gauge  load  passed 
at  speed— same  result.  Third,  the  broad  gauge  load  on  one  road 
and  narrow  gauge  on  the  other,  both  passed  together  over  No.  2 
arch  at  speed.  On  going  over  No.  1  arch,  No.  2  rose  3-lOOths  of 
a  foot.  On  going  over  No.  2  it  deflected  nearly  10-lOOths  of  a  foot, 
rise  and  fall  13-lOOths  of  a  foot.  Fourth,  both  loads  were  brought 
to  rest  on  No.  2  arch,  deflection  11-lOOths  of  a  foot.  When  the 
loads  passed  slowly  over  No.  3  arch,  No.  2  rose  2-lOOths  of  a  foot, 
rise  and  fall  13-lOOths  of  a  foot.  Both  loads  remained  stationary 
for  some  time  on  this  arch,  but  no  further  deflection  took  place, 
and,  with  the  removal  of  the  load,  the  girders  rose  simultaneously 
to  their  original  height.  Fifth,  the  same  thing  was  done  on  No.  8 
arch  with  a  precisely  similar  result.  Sixth,  the  same  experiment 
was  made  on  the  fourth  arch,  and  in  exactly  the  same  manner  as 
the  fourth  experiment — rise  of  arch  2-lOOths  of  a  foot,  deflection 
lO-lOOths  of  a  foot,  rise  and  fall  12.100ths  of  a  foot.  Seventh,  the 
the  same  thing  was  done  on  the  fifth  arch ;  the  rise  was  2-lOOths 
of  a  foot,  deflection  8-lOOths  of  a  foot,  rise  and  fall  10-lOOths  of  a 
foot.  The  bridge  was  very  steady  throughout  these  experiments, 
and  there  was  very  little  lateral  vibration,  even  when  both  loads 
passed  at  the  same  time  in  the  same  direction,  either  slowly  or  at 
speed. 


Hair  Springs  for  Watches.— A  striking  instance  of  the  im^ 
mense  value  a  small  piece  of  steel  may  acquire  by  the  great  power 
of  skilled  mechanical  labor,  is  the  balance-spring  of  a  watch. 
From  its  extreme  fineness  and  delicacy,  4,000  weigh  not  more  than 
one  ounce,  and  exceed  in  value  $5000. 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 

(Continued  from  page 27.) 

From  a  circular  issued  by  P.  V.  H.  Van  Riper,  of  Paterson,  N.  J., 
we  select  the  following : — 

"Having  been  engaged  in  the  manufacture  of  Oak  Leather  Belt- 
ing for  the  past  fifteen  years,  I  would  respectfully  call  attention  to 
the  essential  points  necessary  to  the  manufacture  of  good  belting, 
the  first  of  which  is  the  selection  of  the  leather,  which  should  be 
oak  tannedy  it  being  more  pliable  than  any  other,  and  as  durability 
is  required,  it  should  be  thoroughly  tanned  and  made  from  young 
hides,  they  haying  more  strength  than  the  hides  from  old  animals. 

"  Suitable  leather  having  been  chosen,  though  it  may  be  ever  so 
good,  may  be  spoiled  in  currying,  and  as  this  is  an  important  part, 
it  is  conducted  under  my  own  supervision,  where  I  have  the  shoulders 
cut  from  the  hides,  and  nothing  but  FOUB/ce/  in  length  of  the  choice 
butts,  curried  for  belting  purposes,  as  the  shoulder  naturally  stretch- 
ing  in  a  different  direction  from  the  butts,  causes  that  great  annoy- 
ance in  factories  of  belts  running  crooked. 

"  The  putting  on  of  belts  should  be  done  by  a  person  acquainted 
with  the  use  of  belting,  and  too  much  judgment  cannot  be  exercised  in 
this  respect,  as  the  wear  of  the  belt  depends  considerably  on  the 
manner  in  which  it  is  put  on,  therefore,  the  following  suggestions, 
if  practiced,  will  be  qf  much  service  to  persons  employed  in  this 
capacity.  The  butts  to  be  joined  together,  should  be  cut  perfectly 
square  with  the  belt,  in  order  that  one  side  of  the  band  may  not  be 
drawn  tighter  than  the  other.  For  the  joining  of  belts,  good  Lace 
Leather,  if  properly  used,  being  soft  and  pliable,  will  always  give 
better  satisfaction  than  any  patent  fastening  or  hooks  which  have 
yet  been  invented. 

"  Where  belts  run  vertically,  they  should  always  be  drawn  mode- 
rately tight,  or  the  weight  of  the  belt  will  not  allow  it  to  adhere 
closely  to  the  lower  pulley,  but  in  all  other  cases  they  should  be 
slack. 

"  In  many  instances,  the  tearing  out  of  lace-holes,  is  often  unjustly 
attributed  to  poor  belting,  when  in  reality,  the  fault  lies  in  having 
a  belt  too  short,  and  trying  to  force  it  together  by  lacing,  and  the 
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more  the  leather  has  been  stretched  while  being  manufactured,  the 
more  liable  it  is  to  be  complained  of. 

"All  leather  belting  should  occasionally  be  greased  with  the  fol- 
lowing mixture,  or  it  will  become  dry  and  will  not  adhere  to  the 
pulleys :  one  gallon  neats  foot  or  tanners'  oil,  one  gallon  tallow, 
twelve  ounces  resin,  dissolved  by  heat,  and  well  mixed  together, 
to  be  used  cold,  the  belt  having  been  previously  dampened  with 
warm  water,  except  where  it  is  spliced  together.  During  the  winter 
season,  an  extra  quantity  of  oil  should  be  added  to  the  mixture. 

"  To  obtain  the  greatest  amount  of  power  from  belts,  the  pulleys 
should  be  covered  until  leather^  this  will  allow  the  belts  to  be  run 
very  slack,  and  give  twenty-five  per  cent,  more  wear.  I  drive  a 
large  circular  saw,  requiring  fifteen  horse-power,  with  a  very  slack 
belt,  the  pulleys  being  covered  with  leather. 

"  For  heavy  counter  belts  not  intended  to  be  used  on  cone  pul- 
leys, or  at  half  cross,  I  recommend  double  belts  made  from  shoul- 
ders only,  which  I  furnish  at  the  price  of  single  belting,  and  as  the 
stretch  is  taken  out  of  the  shoulders  after  they  are  cut  from  the  side, 
they  are  guaranteed  to  give  better  satisfaction  as  a  counter  belt, 
than  a  single  belt  will. 

"  More  power  can  be  obtained  from  using  the  grain  side  of  a  belt 
to  the  pulley  than  from  the  flesh  side,  as  the  belt  adheres  more 
closely  to  the  pulley ;  but  there  is  this  about  it,  the  belt  will  not 
last  half  so  long,  for  when  the  grain,  which  is  very  thin,  is  worn 
off,  the  substance  of  the  belt  is  gone,  and  it  then  quickly  gives  out; 
so  that  I  would  advise  the  more  saving  plan  of  obtaining  power  by 
driving  with  wider  belts,  and  covering  the  pulleys  with  leather. 

"  Where  belts  are  to  run  in  very  damp  places,  or  exposed  to  the 
weather,  I  would  recommend  the  use  of  rubber  belting ;  but  for 
ordinary  use  it  will  not  give  the  satisfaction  which  is  so  generally 
obtained  from  using  oak  leather  belting,  as  it  cannot  be  run  on  cone 
pulleys  through  forks,  or  at  half  cross,  and  with  fair  usage  would 
be  worn  out,  while  a  leather  belt  was  regularly  performing  the  work 
allotted  to  it ;  for  when  the  edge  becomes  worn,  the  belt  soon  gives 
out." 

We  formularize  the  following  rules  from  the  text : — 

jT^_Swcv 
^16000 
^      16000HP 
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In  which  H  P  =  number  of  horse-power  transmitted. 
w  =  width  of  belt  in  inches. 
c  ■■  belt  contact  with  smaller  pulley  in  lineal  feet. 
V  =  velocity  of  belt  in  feet  per  minute. 

The  following  examples  are  given:  "A  18j-inch  belt,  running 
at  the  rate  of  1600  feet  per  minute,  over  a  4  feet  pulley,  and  touch- 
ing 5  feet  of  its  circumference,  gives  20  horse-power."  This  is 
eqnal  to  888*88  square  feet  of  belt  per  minute,  per  horse-power. 

"A  20-inch  belt  at  2000  feet  per  minute,  on  6  feet  of  the  circum- 
ference of  a  4  foot  pulley,  gives  45  horse-power."  This  is  equal  to 
74-074  square  feet  of  belt  per  minute  per  horse-power.  * 

From  an  article  in  Appleton's  American  Cyclopedia^  we  take  the 
foUowing : — 

"Belts  are  used  instead  of  gearing,  when  the  shafts  to  be  con- 
nected are  far  apart. 

"  Belts  in  general  are  used  between  parallel  shafts,  and  when  the 
direction  of  motion  is  desired  to  be  reversed,  the  belt  is  crossed. 

"  The  diameters  of  belt  pulleys  arc  in  the  inverse  ratio  of  their 
speecis. 

"To  modify  the  velocity  while  in  motion,  conical  drums  are 
employed  on  parallel  shafts,  with  the  cones  reversed  in  position, 
and  a  shifter  used  to  move  the  belt  and  hold  it  in  any  desired  position. 

"  When  shafl;s  are  not  parallel,  but  are  in  the  same  plane,  the 
only  way  to  connect  them  by  belts,  is  to  use  a  third  shaft  placed 
across  both,  and  at  equal  angles,  or  nearly  so,  with  each,  and  to 
which  each  is  connected  by  a  belt. 

"  When  shafts  are  neither  parallel  nor  in  the  same  plane,  they 
can  be  connected  by  a  belt,  but  there  is  only  one  place  on  the  shafts 
for  the  pulleys.  These  must  be  at  the  ends  of  a  straight  line  per- 
pendicular at  the  same  time  to  both  axes.  There  is  only  one  such 
line.  This  theoretical  place  has  to  be  corrected  in  each  particular 
case,  according  to  the  diameters  of  the  pulleys,  by  taking  care  that 
the  belt  arrives  square  on  each  pulley,  no  matter  how  obliquely  it 
lefJVes  the  other. 

"As  a  consequence  of  this  unavoidable  connection,  the  motion  of 
the  shafts  cannot  be  reversed  without  securing  the  pulleys  in  other 
places. 

"A  careful  attendant  will  make  a  belt  last  five  years,  which 
through  neglect,  might  not  last  one. 

"  It  has  been  found  in  practice,  that  belts  must  not  be  run  faster 
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than  30  feet  per  second,  nor  have  a  tension  of  above  800  pounds 
per  square  inch  of  section. 

**  The  friction  of  a  belt  is  double  on  wood  what  it  is  on  cast  iron. 

"  If  a  belt  is  passed  over  a  horizontal  cylinder  with  a  known 
weight  suspended  at  one  end,  and  a  spring  balance  attached  to  the 
other,  and  gradually  let  go  until  the  belt  begins  to  slide,  the  sus- 
pended weight  minus  the  weight  indicated  by  the  balance,  is  the 
friction. 

'^It  has  been  found  that  by  taking  a  turn  and  a  half  around  a 
rough  cylindrical  post,  1  pound  will  hold  110  pounds  in  check,  and 
ttat  by  taking  2J  turns,  1  pound  will  hold  2500  pounds. 

**  A  12  inch  belt  over  a  4  feet  pulley  at  Sfi  feet  per  second,  will 
transmit  the  power  of  a  6-inch  cylinder  engine  having  12-inch 
stroke,  running  125  revolutions  per  minute,  under  60  pounds  of 
steam." 

If  we  allow  30  pounds  average  pressure  per  square  inch  on  piston, 
this  engine  will  give  64  HP.,  and  the  data  above,  281*25  square  feet 
of  belt  per  IIP.  per  minute,  which  is  a  liberal  allowance.  See 
example  No.  12,  in  first  article. 

"  Where  pulleys  of  very  unequal  diameter  are  coupled  by  a  belt, 
the  surface  of  contact  with  the  smaller  pulley  is  so  little  that  the 
belt  must  be  very  tightly  stretched  in  order  to  transmit  its  full  duty. 
This  is  especially  the  case  where  the  two  pulleys  are  very  neur  each 
other.  In  the  case  of  the  small  centrifugal  pumps,  made  by  Gwynne 
&  Co.,  for  plantation  and  farm  use,  the  horse  gear  is  connected  with 
the  pump  by  belting  from  a  large  pulley  to  the  riggers  of  the  pump, 
the  relative  diameters  of  the  two  being  about  as  6 : 1,  while  also  they 
are  placed  but  four  or  five  inches  apart*  The  shprt  belt,  thus  act- 
ing upon  a  very  small  portion  of  the  surface  of  the  rigger,  requires 
to  be  very  tightly  stretched,  and  in  this  way  a  heavy  strain  is 
brought  upon  the  bearings.  To  relieve  this  strain,  Messrs.  Gwynne 
&  Co.,  place  a  friction  wheel  between  the  pulley  and  rigger,  so  as 
to  touch  both  in  a  line  connecting  their  centres.  This  wheel,  revolv- 
ing freely  upon  a  fixed  center,  receives  the  strain  exerted  by  the 
belt.  No  means  of  adjustment  are  provided  to  compensate  for  the 
wear  of  the  journals,  nor  is  such  provision  believed  to  be  necessary. 
The  arrangement,  so  simple  in  itself,  appears  to  possess  a  consider- 
able advantage  over  the  ordinary  practice  of  throwing  the  whole 
strain,  of  the  belt  upon  the  bearings." 
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"  The  intermediate  pulley  is  recessed  in  the  centre  of  its  face,  so 
as  to  bear  on  the  others  at  the  edges  only.  The  arrangement  is  said 
to  work  well,  and  is  here  shown. 

"  A  leather  belt,  19 J  inches  wide,  is  driven 
by  a  drum  11  feet  in  diameter,  having  iron 
arms  and  wooden  lagging,  and  making  92 
revolutions  per  minute;  consequently,  the 
belt  moves  at  the  rate  of  3179  feet  per 
minute.  The  amount  of  power  transmitted 
by  this  belt  is  estimated  at  175  horse-power, 
corresponding  to  a  tension  of  the  tight  side 

of  the  belt  of  not  less  than  ~—^ncr — =1817  pounds.  The  pul- 
ley driven  by  the  belt  is  6  feet  in  diameter,  and  is  entirely  of  iron; 
the  peripheries  of  both  drum  and  pulley  are  covered  with  leather. 
The  belt  is  made  of  two  thicknesses  of  leather  cemented  together, 
and  is  about  |  inch  thick;  it  was  slightly  greased  on  the  inside  with 
a  mixture  of  tallow  and  neats-foot  oil.  The  slack  side  running 
upwards  nearly  vertically." 

The  data  above  give  29*5  square  feet  of  belt  per  minute,  per 
horse-power,  and  a  tension  of  93*18  pounds  per  inch  wide. 

Kule  for  ascertaining  the  horse-power  of  belts,  by  Mr.  F 
Bacon,  of  New  York,  from  Sd.  Am,^  July  17,  1869,  p.  35. 
convert  the  text  into  the  following : — 

HP  6000 


We 


vc 
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In  which  HP—  horse-power  transmitted. 

V  -■  velocity  of  belt  in  feet  per  minute. 
c  =  contact  of  belt  with  smaller  pulley  in  lineal  feet. 
.  w  -■  width  of  belt  in  inches. 


PUMPING  ENGINES. 

By  H.  p.  M.  Birkinbine,  C.  E. 

The  article  on  "Pumping  Engines,"  in  the  May  number  of  the 
Journalj  page  323,  has  been  replied  to  by  one  of  the  makers  of  the 
direct-acting  duplex  short-stroke  pumping  engine,  in  a  letter  pub- 
lished in  the  June  number  of  the  Journal,  page  425. 
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It  was  not  necessary  for  any  one  to  personally  apply  the  re- 
marks in  the  closing  paragraph ;  they  were  general,  and  their  trath 
cannot  be  denied.  The  complaint  that  the  *' spirit  of  the  article" 
is  "detractive  and  unjust,"  and  the  presentation  of  a  table,  arranged 
to  suit  the  purpose,  is  no  answer  to  the  article.  Little  importance 
can  be  attached  to  tables,  certificates  and  statements  when  prepared 
and  presented  by  interested  parties.  It  would  have  been  far  more 
satisfactory  and  useful,  if  some  one  of  those  interested  in  this  form 
of  pumping  engine,  would  reply  to  that  portion  of  the  article  which 
"deals  with  the  principles  upon  which  the  engine  is  constructed," 
instead  of  cqmplaining  of  the  "spirit."  It  is  pumps,  not  persons, 
which  are  to  be  discussed. 

The  article  has  certainly  had  one  good  eflfect.  It  has  reduced  the 
duty  claimed  for  these  pumping  engines  from  1,300,000  foot-pounds 
to  473,328  foot-pounds, — from  the  regions  of  impossibility,  to  those 
of  possibility. 

Prom  a  personal  observation  of  several  of  these  engines,  and  a 
careful  analysis  of  the  working,  for  the  past  two  years,  of  a  large 
one  furnishing  water  to  a  city,  I  am  satisfied  that  the  duty  given 
in  the  article,  (200,000  foot-pounds)  is  large  and  ample. 

It  is  to  be  hoped  that  the  "unjust"  statements  in  the  article  will 
be  exposed,  and  the  means  given  by  which  the  extraordinary 
results  claimed  for  this  form  of  engine  are  produced.  Until  such 
information  is  imparted,  the  public  cannot  be  expected  to  accept 
any  mere  statements  of  duty,  however  wonderful  they  may  appear. 

In  physics,  supernatural  means  are  never  estimated,  but  some 
arrangement  is  looked  for  in  accordance  with  well  known  laws,  to 
produce  results. 

When  a  machine  is  defective  in  its  proportions  or  arrangements, 
low  results  are  the  consequence.  As  the  pumping  engine  is  the 
machine  by  which  the  power  of  the  steam  of  the  boiler  is  applied 
to  force  the  water,  any  defect  in  its  arrangement  or  proportions  will 
result  in  a  waste  of  steam,  and,  necessarily,  of  fuel,  and,  as  a  con- 
sequence, the  duty  will  be  low,  whoever  the  maker  may  be,  or  by 
what  name  it  may  be  called,  or  how  many  patents  may  be  concen- 
trated upon  it.  If  the  duplex  direct-acting  short-stroke  engines  are 
thus  defective,  as  I  endeavored  in  my  former  article  to  show,  then 
the  low  duties  are  inevitable. 

A  Cornish  engine  is  now  running  which  produces  a  lower  duty 
than  a  double-acting  high-pressure  fly-wheel  engine  used  in  the 
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same  works  illustrating  defects  in  construction.  The  cost  of  fuel 
used  by  the  different  engines  pumping  water  for  supplying  London, 
varies  from  .075  pence  to  '543  pence  per  million  foot-pounds. 

As  the  engines  for  which  these  extraordinary  high  duties  arc 
claimed  are  covered  by  one  or  more  patents,  there  is  no  necessity 
for  secrecy.  By  no  other  means  can  they  so  readily  be  brought 
into  notice  as  by  a  thorough  and  candid  discussion  of  their  pecu- 
liarities. 


A  SYPHON  FOR  DRAINING  A  TUNNEL. 

By  Col.  Claudius  Cbozbt,  C.  E. 

Mr.  Editor: — I  hand  you  this  paper  for  insertion  in  your  Jour- 
Thai  if  you  consider  it  of  sufficient  interest.  It  was  given  to  me 
many  years  ago  by  my  friend  the  late  Col.  Crozet  himself.  The 
Colonel  had  at  one  time  held  the  distinguished  position  of  superin- 
tendent of  the  U.  S.  Military  Academy  at  West  Point ;  and  subsC' 
quently  was  Chief  Engineer  of  the  work  alluded  to  in  the  paper. 
Yours  respectfully, 

John  C.  Tbautwine. 

The  tunnel  through  the  Blue  Bidge,  in  Virginia,  is  4,273  feet 
long,  and  700  feet  below  the  top  of  the  mountain ;  on  this  account 
it  was  thought  expedient  t6  construct  without  shafts.  This  tunnel 
slopes  from  west  to  east,  at  the  rate  of  70  feet  to  the  mile,  so  that, 
on  the  west  side,  the  water,  which  proved  very  abundant  and  trou- 
blesome, had  to  be  removed  by  artificial  means.  For  some  distance 
at  the  entrance,  I  determined  to  introduce  a  syphon  of  unusual 
length,  which  proved  a  difficult  and,  at  the  same  time,  interesting 
experiment. 

The  whole  length  of  the  syphon  is  1,792  feet,  viz :  563  feet  inside 
of  the  tunnel,  and  1,229  feet  outside.  The  level  of  the  water  inside 
is  upwards  of  9  feet  below  the  summit,  and  the  fall  outside  29  J  feet, 
so  that  the  head  is  a  fraction  over  20  feet. 

Iron  faucet  pipes  of  3  inches  interior  diameter  were  adopted.  It 
was  feared  that  larger  ones  would  carry  along  too  much  air ;  and 
that  the  syphon  would  have  to  be  fed  too  often  at  the  summit,  an 
apprehension  which  the  results  observed  seem  to  justify. 

A  common  faucet  cock  is  placed  at  each  end,  to  close  the  syphon 
when  it  becomes  necessary  to  fill  it  again  with  water ;  and  at  the 
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summit  a  large  air  vessel  is  provided  to  collect  the  air  disengAged 
from  the  water,  with  a  suitable  opening  at  top,  to  let  the  air  out 
and  replace  it  with  water ;  this  opening  being  closed  by  a  cap  tightly 
screwed  down.  At  the  bottom  of  the  air  vessel,  there  is  besides  a 
large  cock,  which  is  closed  while  the  syphon  is  being  fed  through 
the  top  opening,  so  as  not  to  interrupt  the  running  of  the  syphon 
during  the  operation. 

The  annexed  diagram  represents  the  air  vessel  a;  6  is  the  cap ; 
c  the  cut-off  cock ;  e  the  main  pipe  or  syphon ;  d  is 
f^^^  a  glass  tube  for  observing  the  level  of  the  water, 

i5in.  This,  however,  being  often  broken  was  dispensed 

with  at  last ;  the  level  of  the  water  being  easily 
ascertained  by  knocking  against  the  air-vessel. 

Things  being  now  disposed  as  described,  it  might 
be  supposed  that  the  discharge  would  have  gone 
on  uninterruptedly,  requiring  only  a  careful  atten- 
tion to  replenish  occasionally  with  water  the  air  vessel ;  but  such 
was  not  the  case ;  at  first  the  joints  had  been  made  tight  by  packing 
with  oakum  and  then  thickly  pitched  over.  The  syphon  was  filled 
with  water  through  the  air-vessel,  which  being  then  closed  and  the 
ends  open,  the  water  began  to  flow ;  but  this  did  not  continue  for 
more  than  five  or  ten  minutes,  when  the  air  vessel  was  found  empty 
of  water,  and  had  to  be  replenished  at  these  short  intervals ;  more- 
over, notwithstanding  this  tedious  repetition  of  feeding  the  syphon, 
it  would  ultimately  run  dry  in  about  two  hours. 

This  was  a  truly  discouraging  circumstance;  we  ascribed  it  to 
the  fact  that,  there  being  upwards  of  200  joints,  air  was  introduced 
in  small  bubbles  through  the  oakum  packing  by  the  external  pres- 
sure at  every  joint,  and  that  it  accumulated  rapidly  all  along,  espe- 
cially in  the  longer  arm  of  the  syphon  which  soon  became  too  light. 
Accordingly,  we  decided  not  to  abandon  the  enterprise,  but  to  caulk 
the  joints  with  lead  in  the  usual  way,  which  was  not  done  before 
for  motives  of  economy,  and  because,  it  being  only  a  temporary  fix- 
ture, it  would  have  been  more  easily  taken  apart. 

This  operation  was  not  yet  entirely  successful,  though  the  caulk- 
ing was  made  so  hard  that  many  of  the  bells  broke  in  packing, 
without  making  the  joints  perfectly  impermeable.  Then  a  cement 
was  made  of  equal  parts  of  white  lead  and  red  lead  mixed  to  the 
consistency  of  soft  putty,  with  equal  quantities  of  Japan  varnish  and 
boiled  linseed  oil.  This  cement,  carefully  coated  over  the  joints, 
made  them  at  last  perfectly  tight.   The  syphon  thus  improved  runs 
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now  regularly.  Still  the  air  vessel  must  be  replenished  with  water 
every  two  hours,  which  is  done  by  a  pipe  leading  from  a  spring  , 
and,  moreover,  every  six  hours  the  ends  must  be  closed,  and  the 
whole  syphon  filled  in  anew  with  water ;  otherwise  it  would  run 
dry  *  It  is  probable  that,  owing  to  its  being  so  long,  and  conse- 
quently so  level,  bubbles  of  air  travel  along  very  slowly  and  in- 
crease in  size  gradually ;  possibly  some  air  may  find  its  way  under 
external  pressure  through  the  iron  itself. 

A  curious  circumstance  took  place  in  the  beginning :  The  tunnel 
having  progressed  much  beyond  the  well  of  the  syphon,  and  the 
water  considerably  increased,  a  horse-power  with  chain  pumps  was 
constructed  at  the  farther  end  to  pump  up  the  water  into  troughs, 
by  which  it  is  led  to  the  syphon  well.  Here,  the  syphon  being  in- 
sufficient for  this  accession  of  water,  another  horse-power  was  intro- 
duced to  pump  up  water  out  of  the  same  well.  As  soon,  however, 
as  the  chain  pumps  began  to  revolve  in  the  well,  the  syphon  sud- 
denly stopped  and  we  were  obliged  to  dig  a  separate  well  for  it  ; 
since  which  time  both  have  worked  well. 

The  syphon,  by  actual  measurement,  when  just  replenished,  dis- 
charges 48 J  gallons  per  minute,  whereas  all  known  formulae  give 
between  54  and  60  gallons,  and  furthermore  in  Weale's  Engineers^ 
and  Contractors^  Companion  occurs  this  conflicting  remark  taken 
from  R.  A.  Peacocke's  work : 

"  By  Dr.  Young's  formula  (considered  by  him  the  best) — 
A    5-inch  pipe  would  be  used  where  a  3J  would  suflSce. 

n      u  ((  ((  u  g  u 

1Q       u  u  a  a  rj  u 

2^       "  u  u  u  j^Q  u 

and  then  he  goes  on  to  show  the  useless  expenditure  resulting  from 
pipes  too  large  being  used  in  obedience  to  these  formulae.  But 
here  in  this  extraordinarily  long  syphon,  his  opinion  is  not  sustained, 
and  we  find,  on  the  contrary,  the  discharge  is  less  than  the  formulae 
give ;  and  that  neither  they  nor  Mr.  Peacocke's  rules  are  applica- 
ble to  this  case. 

The  syphon  I  have  described  is,  I  believe,  the  longest  ever  at- 
tempted to  be  used,  and  on  this  account  the  results  and  anomalies 
it  presents  are  somewhat  interesting.  It  certainly  has  rendered  con- 
siderable service  in  the  Blue  Ridge  Tunnel ;  with  no  other  current 
expense  than  the  employment  of  a  man  to  attend  to  the  air  vessel. 

*  Would  not  this  be  remedied  by  making  the  air  vessel  selj-nct'wg  like  the  air 
valves  sometimes  used  on  water  mains  ? — J.  C.  T. 
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ON  THE  BLUE  COLOR  OF  THE  SKY,  THE  POURIZATION  OF  SKY- 
LIGHT, AND  POLARIZATION  OF  LIGHT  BY  CLOUDY  MAHER 
GENERALLY. 

By  John  Tysdall,  L.L.D.,  F.R.S. 
(Concluded  from  page  40.) 

But,  as  regards  the  polarization  of  the  sky,  we  know  that  not 
only  is  the  direction  of  maximum  polarization  at  right  angles  to 
the  track  of  the  solar  beams,  but  that  at  certain  angular  distances, 
probably  variable  ones,  from  the  sun,  ''  neutral  points,"  or  points, 
of  no  polarization  exist,  on  both  sides  of  which  the  planes  of  atmos- 
pheric polarization  are  at  right  angles  to  each  other. 

I  have  made  various  observations  upon  this  subject  which  I  re- 
serve for  the  present ;  but  pending  the  more  complete  examination 
of  the  question  the  following  facts  and  observations  bearing  upon 
it  are  submitted  to  the  Koyal  Society. 

The  parallel  beam  employed  in  these  experiments  tracked  its  way 
through  the  laboratory  air  exactly  as  sun-beams  are  seen  to  do  in 
the  dusty  air  of  London.  I  have  reason  to  believe  that  a  great 
portion  of  the  matter  thus  floating  in  the  laboratory  air  consists  of 
organic  germs,  which  are  capable  of  imparting  a  perceptibly  bluish 
tint  to  the  air.  This  air  showed,  though  far  less  vividly,  all  the 
effects  of  polarization  obtained  with  the  incipient  clouds.  The  light 
discharged  laterally  from  the  track  of  the  illuminating  beam  was 
polarized,  though  not  perfectly,  the  direction  of  maximum  polari- 
zation being  at  right  angles  to  the  beam. 

The  horizontal  column  of  air  thus  illuminated  was  18  feet  long, 
and  could  therefore  be  looked  at  very  obliquely  without  any  dis- 
turbance from  a  solid  envelope.  At  all  points  of  the  beam  through- 
out its  entire  length  the  light  emitted  normally  was  in  the  same 
state  of  polarization.  Keeping  the  positions  of  the  Nicol  and  the 
selenite  constant,  the  same  colors  were  observed  throughout  the 
entire  beam  when  the  line  of  vision  was  perpendicular  to  its  length. 

I  then  placed  myself  near  the  end  of  the  beam  as  it  issued  from 
the  electric  lamp,  and  looking  through  the  Nicol  and  selenite  more 
and  more  obliquely  at  the  beam,  observed  the  colors  fading  until 
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they  disappeared.  Augmenting  the  obliquity,  the  colors  appeared 
once  more,  but  they  were  now  complementary  to  the  former  ones. 

Hence  this  beam,  like  the  sky,  exhibited  its  neutral  point,  at  op- 
posite sides  of  which  the  light  was  polarized  in  pl&nes  at  right 
angles  to  each  other. 

Thinking  that  the  action  observed  in  the  laboratory  might  be 
caused  in  some  way  by  the  vaporous  fumes  diffused  in  its  air,  I  had 
a  battery  and  an  electric  lamp  carried  to  a  room  at  the  top  of  the 
Koyal  Institution.  The  track  of  the  beam  was  seen  very  finely  in 
the  air  of  this  room,  a  length  of  14  or  15  feet  being  attainable. 
This  beam  exhibited  all  the  effects  observed  with  the  beam  in  the 
laboratory.  Even  the  uncondensed  electric  light  falling  on  the 
floating  matter  showed,  though  faintly,  the  effects  of  polarization.* 

When  the  air  was  so  sifted  as  to  entirely  remove  the  visible  floating 
matter,  it  no  longer  exerted  any  sensible  action  upon  the  light,  but  be- 
haved like  a  vacuum. 

1  had  varied  and  confirmed  in  many  ways  those  experiments  on 
neutral  points,  operating  upon  the  fumes  of  chloride  of  ammonium, 
the  smoke  of  brown  paper,  and  tobacco  smoke,  when  my  attention 
was  drawn  by  Sir  Charles  Wheatstone  to  an  important  observation 
communicated  to  the  Paris  Academy,  in  1860,  by  Professor  Govi, 
of  Turin.f  His  observations  on  the  light  of  cqmets  had  led  M.  Govi 
to  examine  a  beam  of  light  sent  through  a  room  in  which  was  dif- 
fused the  smoke  of  incense.  He  also  operated  on  tobacco  smoke. 
His  first  brief  communication  stated  the  fact  of  polarization  by  such 
smoke,  but  in  his  second  communication  he  announced  the  discovery 
of  a  neutral  point  in  the  beam,  at  the  opposite  sides  of  which  the 
light  was  polarized  in  planes  at  right  angles  to  each  other. 

But  unlike  my  obsevations  on  the  laboratory  air,  and  unlike  the 
action  of  the  sky,  the  direction  of  maximum  polarization  in  M. 
Govi's  experiment  enclosed  a  very  small  angle  with  the  axis  of  the 
illuminating  beam.  The  question  was  left  in  this  condition,  and  I 
am  not  aware  that  M.  Govi  or  any  other  investigator  has  pursued 
it  further. 

I  had  noticed,  as  before  stated,  that  as  the  clouds  formed  in  the 
experimental  tube  became  denser,  the  polarization  of  the  light  dis- 
charged at  right  angles  to  the  beam  became  weaker,  the  direction 

*  I  hope  to  try  Alpine  air  next  summer, 
t  Comptes  Rendtts,  tome  li.  pp.  360  and  369. 
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of  maximum  polarization  becoming  oblique  to  the  beam.  Experi- 
ments on  the  fumes  of  chloride  of  ammonium  gave  me  also  reason 
to  suspect  that  the  position  of  the  neutral  point  was  not  constant^  but 
that  it  varied  with  the  density  of  the  illuminated  fumes. 

The  examination  of  these  questions  led  to  the  following  new  and 
remarkable  results: — The  laboratory  being  well  filled  with  the 
fumes  of  incense,  and  sufficient  time  being  allowed  for  their  uniform 
diffusion,  the  electric  beam  was  sent  through  the  smoke.  From 
the  track  of  the  beam  polarized  light  was  discharged,  but  the  direc- 
tion of  maximum  polarization,  instead  of  being  alone  the  normal, 
now  enclosed  an  angle  of  12°  or  13°  with  the  axis  of  the  beam. 

A  neutral  point,  with  complementary  effects  at  opposite  sides  of 
it,  was  also  exhibited  by  the  beam.  The  angle  enclosed  by  the  axis 
of  the  beam,  and  a  line  drawn  from  the  neutral  point  to  the  obser- 
ver's eye,  measured  in  the  first  instance  66°! 

The  windows  of  the  laboratory  were  now  opened  for  some  min- 
utes, a  portion  of  the  incense  smoke  being  permitted  to  escape.  On 
again  darkening  the  room  and  turning  on  the  beam,  the  lino  of 
vision  to  the  neutral  point  was  found  to  enclose  with  the  axis  of 
the  beam  an  angle  of  63°. 

The  windows  were  again  opened  for  a  few  minutes,  more  of  the 
smoke  being  permitted  to  escape.  Measured  as  before  the  angle 
referred  to  was  found  to  be  54°. 

This  process  was  repeated  three  additional  times ;  the  neutral 
point  was  found  to  recede  lower  and  lower  down  the  beam,  the 
angle  between  a  line  drawn  from  the  eye  to  the  neutral  point  and 
the  axis  of  the  beam  falling  successively  from  54°  to  49°,  43° 
and  33°. 

The  distances,  roughly  measured,  of  the  neutral  point  from  the 
lamp,  corresponding  to  the  foregoing  series  of  observations,  were 
these : 

1st  observation  2  feet,     2  inches. 


2d 

2 
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8d 
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At  the  end  of  this  series  of  experiments  the  direction  of  maxi- 
mum polarization  had  again  become  normal  to  the  beam. 

The  laboratory  was  next  filled  with  the  fumes  of  gunpowder.   In 
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five  successive  experiments,  corresponding  to  five  different  densi- 
ties of  the  gunpowder  smoke,  the  angles  enclosed  between  the  line 
of  vision  to  the  neutral  point  and  the  axis  of  the  beam  were  63®, 
50°,  47°,  42°  and  88°,  respectively. 

After  the  clouds  of  gunpowder  had  cleared  away  the  laboratory 
was  filled  with  the  fumes  of  common  resin,  rendered  so  dense  as  to 
be  very  irritating  to  my  lungs.  The  direction  of  maximum  polari- 
zation enclosed  in  this  case  an  angle  of  12°,  or  thereabouts,  with 
the  axis  of  the  beam.  Looked  at,  as  in  the  former  instances,  from 
a  position  near  the  electric  lamp  no  neutral  point  was  observed 
throughout  the  entire  extent  of  the  beam. 

When  this  beam  was  looked  at  normally  through  the  selenite  and 
Nicol,  the  ring  system,  though  not  brilliant,  was  distinct.  Keeping 
the  eye  upon  the  plate  of  selenite  and  the  line  of  vision  normal,  the 
windows  were  opened,  the  blinds  remaining  undrawn.  The  resin- 
ous fumes  slowly  diminished,  and  as  they  did  so  the  ring  system 
became  paler.  It  finally  disappeared.  Continuing  to  look  along 
the  perpendicular,  the  rings  revived,  but  now  the  colors  were  com- 
plementary to  the  former  ones.  The  neutral  point  had  passed  me  in 
lis  motio'n  doivn  the  beam  conseqtient  tijwn  the  attenuation  of  the  fumes 
of  resin. 

In  the  fumes  of  chloride  of  ammonium  substantially  the  same 
results  were  obtained  as  those  just  described.  SuflScient,  I  think, 
has  been  here  stated  to  illustrate  the  variability  of  the  position  of 
the  neutral  point.  The  explanation  of  the  results  will  probably 
give  new  work  to  the  undulatory  theory.* 

Before  quitting  the  question  of  the  reversal  of  the  polarization  by 
cloudy  matter,  I  will  make  one  or  two  additional  observations. 
Some  of  the  clouds  formed  in  the  experiments  on  the  chemical  ac- 
tion of  light  are  astonishing  as  to  form.  The  experimental  tube  is 
often  divided  into  segments  of  dense  cloud,  separated  from  each 
other  by  nodes  of  finer  matter.  Looked  at  normally,  as  many  as 
four  reversals  of  the  plane  of  polarization  have  been  found  in  the 
tube  in  passing  from  node  to  segment,  and  from  segment  to  node. 
With  the  fumes  diflTused  in  the  laboratory,  on  the  contrary,  there 
was  no  change  in  the  polarization  along  the  normal,  for  here  the 
necessary  diff*erences  of  cloud-texture  did  not  exist. 

*  Brewster  has  proved  the  variahility  of  the  position  of  the  neutral  point  for  sky- 
Hgbt  with  the  sun's  altitude.  Is  not  the  proximate  cause  of  this  revealed  by  the 
foregoing  experiments  ? 
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Further.     By  a  puflF  of  tobacco  smoke  or  of  condensed  steam 

blown  into  the  illuminated  beam,  the  brilliancy  of  the  colors  may 

be  greatly  augmented.     But  with  different  clouds  two  different 

effects  are  produced.     For  example,  let  the  ring  system  observed 

in  the  common  air  be  brought  to  its  maximum  strength,  and  then 

let  an  attenuated  cloud  of  chloride  of  ammonium  be  thrown  into 

the  beam  at  the  point  looked  at ;  the  ring  system  flashes  out  with 

augmented  brilliancy,  and  the  character  of  the  polarization  remains 

ed.     This  is  also  the  case  when  phosphorus  or  sulphur  is 

underneath  the  beam,  so  as  to  cause  the  fine  particles  of 

ric  acid  or  of  sulphur  to  rise  into  the  light.    With  the  sul- 

nes  the  brilliancy  of  the  colors  is  exceedingly  intensified  ; 

one  of  these  cases  is  there  any  change  in  the  character  of 

rization. 

rhen  a  puff  of  aqueous  cloud,  or  of  the  fumes  of  hydrochlo- 
hydriodic  acid  or  nitric  acid  is  thrown  into  the  beam,  there 
plete  reversal  of  the  selenite  tints.  Each  of  these  clouds 
le  plane  of  polarization  90°.  On  these  and  kindred  points, 
cuts  are  still  in  progress.* 

lea  that  the  color  of  the  sky  is  due  to  the  action  of  finely 
matter,  rendering  the  atmosphere  a  turbid  medium,  through 
e  look  at  the  darkness  of  space,  dates  as  far  back  as  Leon- 
Vinci.  Newton  conceived  the  color  to  be  due  to  exceedingly 
Iter  particles  acting  as  thin  plates.  Goethe's  experiments, 
action  with  this  subject,  are  w«ll  known  and  exceedingly 
ve.  One  very  striking  observation  of  Goethe's  referred  to 
echnically  called  "  chill "  by  painters,  which  is  due  no  doubt 
nely  fine  varnish  particles  interposed  between  the  eye  and  a 
jkground.  Clausius,  in  two  very  able  memoirs,  endeavored 
ct  the  colors  of  the  sky  with  suspended  water- vesicles,  and 
that  the  important  observations  of  Forbes  on  condensing 
)uld  also  be  thus  accounted  for.  Briicke's  experiments  on 
tted  mastic  were  referred  to  in  my  last  abstract.  Helmholtz 
ibed  the  blueness  of  the  eyes  to  the  action  of  suspended 
u    In  an  article  written  nearly  nine  years  ago  by  myself, 

ohh  Herschel  has  suggested  to  me  that  this  change  of  the  polarization 
,ive  to  negative  may  indicate  a  chatlge  from  polarization  by  reflection  to 
jn  by  refraction.    This  thought  repeatedly  occurred  to  me  while  look- 
effects  ;  but  it  will  require  much  following  up  before  it  emerges  into 
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the  colors  of  the  peat  smoke  of  the  cabins  of  Killarncy*  and  the 
colors  of  the  sky  were  referred  to  one  and  the  same  cause,  while  a 
chapter  of  the  "  Glaciers  of  the  Alps,"  published  in  1860,  is  also 
devoted  to  this  question.  Boscoe,  in  connection  with  his  truly 
beautiful  experiments  on  the  photographic  power  of  sky-light,  has 
also  given  various  instances  of  the  production  of  color  by  suspended 
particles.  In  the  foregoing  experiments  the  azure  was  produced  in 
air,  and  exhibited  a  depth  and  purity  far  surpassing  anything  that 
I  have  ever  seen  in  mote  filled  liquids.  Its  polarization,  moreover, 
was  perfect. 

In  his  experiments  on  fluorescence  Professor  Stokes  had  continu- 
ally to  separate  the  light  reflected  from  the  motes  suspended  in  his 
liquids,  the  action  of  which  he  named  "  false  dispersion,"  from  the 
fluorescent  light  of  the  same  liquids,  which  he  ascribed  to  "true 
dispersion."  In  fact  it  is  hardly  possible  to  obtain  a  liquid  without 
motes,  which  polarize  by  reflection  the  light  falling  upon  them, 
truly  dispersed  light  being  un polarized.  At  p.  530  of  his  celebrated 
memoir  "On  the  Change  of  the  Kefrangibility  of  Light,"  Prof. 
Stokes  adduces  some  significant  facts,  and  makes  some  noteworthy 
remarks,  which  bear  upon  our  present  subject.  He  notices  more 
particularly  a  specimen  of  plate  glass  which,  seen  by  reflected  light, 
exhibited  a  blue  which  was  exceedingly  like  an  effect  of  fluores- 
cence, but  which,  when  properly  examined,  was  found  to  be  an 
instance  of  false  dispersion  "  It  often  struck  me,"  he  writes,  "while 
engaged  in  these  observations,  that  when  the  beam  had  a  continu- 
ous appearance,  the  polarization  was  more  nearly  perfect  than  when 
it  was  sparkling,  so  as  to  force  on  the  mind  the  conviction  that  it 
arose  merely  from  motes.f  Indeed,  in  the  former  case  the  polari- 
zation has  often  appeared  perfect,  or  all  but  perfect.  It  is  possible 
that  this  may  in  some  measure  have  been  due  to  the  circumstance, 
that  when  a  given  quantity  of  light  is  diminished  in  a  given  ratio, 
the  illumination  is  perceived  with  more  diflSculty  when  the  light  is 

*  I  have  sometimes  quenched  almost  completely,  by  a  Nicol,  the  light  discharged 
normally  ttom  burnlDg  leaves  in  Hyde  Park^  The  blue  smoke  from  the  ignited  end 
of  a  cigar  polariiies  also,  but  not  perfectly* 

t  The  aiare  may  be  produced  in  the  midst  of  a  field  of  motes.  By  turning  the 
I^icol,  the  interstitial  blue  may  be  completely  quenched,  the  shining,  and  appa'> 
Tsntly  unaffected  motes,  remaining  masters  of  the  field.  A  blue  cloud,  moreover, 
inay  be  precipitated  in  the  midst  of  the  azure.  An  aqueous  cloud  thus  precipitated 
'everaes  the  polarization ;  but  on  the  melting  away  of  the  cloud  the  azure  and  its 
polarization  remain  behind. 
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diffused  uDirormly.  than  when  it  Ls  spread  over  the  same  space,  but 
collected  into  specks.  Be  this  as  it  maj,  there  was  at  least  no  ten- 
dency observed  towards  polarization  in  a  plane  perpendicular  to  the 
plane  of  reflection,  when  the  suspended  particles  became  finer,  and 
therefore  the  beam  more  nearly  continuous.'' 

Through  the  courtesy  of  its  owner,  I  have  been  permitted  to  see 
and  to  experiment  with  the  piece  of  plate  glass  above  referred  to. 
Placed  in  front  of  the  electric  lamp,  whether  edgeways  or  trans- 
versely, it  discharges  bluish  polarized  light  laterally,  the  color  being 
by  no  means  a  bad  imitation  of  the  blue  of  the  sky. 

Prof.  Stokes  considers  that  this  deportment  may  be  invoked  to 
decide  the  question  of  the  direction  of  the  vibrations  of  polarized 
light.  On  this  point  I  would  say,  if  it  can  be  demonstrated  that 
when  the  particles  are  small  in  comparison  to  the  length  of  a  wave 
of  light,  the  vibrations  of  a  ray  reflected  by  such  particles  cannot 
be  perpendicular  to  the  vibrations  of  the  incident  light ;  then  assur- 
edly the  experiments  recorded  in  the  foregoing  communication  de- 
cide the  question  in  favor  of  Fresnel's  assumption. 

As  stated  aboye,  almost  all  liquids  have  motes  in  them  sufficiently 
numerous  to  polarize  sensibly  the  light,  and  very  beautiful  effects 
may  be  obtained  by  simple  artificial  devices.  When,  for  example, 
a  cell  of  distilled  water  is  placed  in  front  of  the  electric  lamp,  and 
a  slice  of  the  beam  is  permitted  to  pass  through  it,  scarcely  any  pola- 
rized light  is  discharged,  and  scarcely  any  color  produced  with  a 
plate  of  selenite.  But  while  the  beam  is  passing  through  it,  if  a 
bit  of  soap  be  agitated  in  the  water  above  the  beam,  the  moment 
the  infinitesimal  particles  reach  the  beam  the  liquid  sends  forth 
laterally  almost  perfectly  polarized  light ;  and  if  the  selenite  be 
employed,  vivid  colors  flash  into  existence.  A  still  more  brilliant 
result  is  obtained  with  mastic  dissolved  in  a  great  excess  of  alcohol. 

The  selenite  rings  constitute  an  extremely  delicate  test  as  to  the 
quantity  of  motes  in  a  liquid.  Commencing  with  distilled  water, 
for  example,  a  thickish  beam  of  light  is  necessary  to  make  the  po- 
larization of  its  motes  sensible.  A  much  thinner  beam  suffices  for 
common  water ;  while  with  Briicke's  precipitated  mastic,  a  beam 
too  thin  to  produce  any  sensible  effect  with  most  other  liquids,  suf- 
fices to  bring  out  vividly  the  selenite  colors. 


Digitized  by  VjOOQ IC 


Armatures  of  Electro- Magnetic  Induction  Machines.         121 

CONTROLLING  THE  ARMATURES  OF  ELECTRO-MAGNETIC 
INDUCTION  MACHINES. 

By  Mr.  Henry  Wilde. 

This  was  a  paper  on  a  Property  of  the  Electric  Current  to  Con- 
trol and  Eender  Synchronous  the  Kotations  of  the  Armatures  of  a 
Number  of  Electro-magnetic  Induction  Machines,  read  before  the 
Manchester  Literary  and  Philosophical  Society. 

The  discovery  of  the  property  which  the  author  describes  arose 
out  of  the  eflforts  which  have  been  made,  during  the  last  two  years, 
to  reduce  the  internal  heat  generated  in  large  electro-magnetic  ma* 
chines  by  the  rapid  magnetization  and  demagnetization  of  the  arma- 
tures. By  constructing  the  machines  of  smaller  dimensions,  this 
heating  was  considerably  diminished ;  but  an  inconvenient  residuum 
of  heat  still  remained  when  the  machines  were  worked  continuously 
for  a  long  time,  such  as  to  render  it  desirable  to  adopt  some  means 
for  abstracting  the  heat  more  rapidly. 

By  means  of  a  current  of  water,  circulating  in  the  hollow  brass 
segments  which  form  part  of  the  magnet-cylinder,  Mr.  Charles  E. 
Ryder,  the  skillful  manager  at  the  works  of  Messrs.  Elkington  & 
Co.,  has  happily  succeeded  in  so  far  reducing  this  heating  as  to  per- 
mit of  the  machines  being  worked,  for  days  and  nights  together, 
without  intermission,  and  without  any  sensible  diminution  of  the 
power  of  the  current. 

The  author  has  already  shown,  elsewhere,  that  the  current  from 
a  small  magneto-electric  or  electro-magnetic  machine  is  sufficient  to 
excite  the  electro-magnet  of  a  very  large  machine :  and  it  has  been 
further  found,  by  Mr.  G.  C.  Lowe,  that  the  current  from  one  small 
machine  is  sufficient  to  excite,  simultaneously,  the  electro-magnets 
of  several  small  machines.  In  a  number  of  3|-inch  machines  which 
have  been  constructed,  under  the  author's  direction,  for  Messrs. 
Elkington  &  Co.,  for  the  electro-deposition  of  copper  on  a  large 
scale,  the  current  from  two  8J-electro-magnetic  machines  are  made 
to  excite  the  electro-magnets  of  twenty  similar  sized  machines  to  a 
degree  sufficient  to  bring  out  the  maximum  dynamic  effect  of  each 
machine. 

The  electro-magnets  of  two  3  J-inch  exciting  machines  are  charged 
by  the  current  from  a  small  magneto-electric  machine;  but  the 
author  has  found  that  nearly  as  good  a  result  may  be  obtained  from 
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the  twenty  machines,  by  dispensing  with  the  small  magneto-elec- 
tric machine,  and  employing  the  residual  magnetism  of  the  two  Sc- 
inch exciting  machines,  in  a  manner  similar  to  that  described  almost 
simultaneously  by  Mr.  Farmer,  Messrs.  Varley,  Mr.  Siemens  and 
Sir  Charles  Wheatstone. 

While  the  subdivisions  of  the  materials  of  one  large  machine  into 
a  number  of  small  ones  was  attended  by  several  important  advan- 
tages, yet  it  was  found  necessary  to  adopt  some  means  to  secure  the 
synchronous  relation  of  the  armatures,  when  the  combined  direct 
current  from  several  machines  was  required. 

As  the  high  speed  at  which  the  armatures  were  driven  precluded 
the  employment  of  toothed  gearing,  the  only  method  which  seemed 
at  all  feasible  for  producing  the  requisite  synchronism  was  to  place 
several  machines  in  a  straight  line,  and  connect  them  together  by 
means  of  a  clutch  fixed  on  the  end  of  each  armature  spindle.  It 
was  while  experimenting  with  a  pair  of  machines  so  geared  together 
that  the  author  first  observed  the  phenomenon  which  forms  the 
subject  of  his  communication. 

The  armatures  of  these  machines  were  4  inches  in  diameter,  and 
each  of  them  was  coiled  with  a  copper  wire  conductor,  280  feet  long 
and  \  inch  in  diameter.  The  currents  were  taken  from  the  arma- 
tures by  means  of  copper  brushes  rubbing  against  metal  rings  con- 
nected respectively  with  the  ends  of  the  armature  coils,  and  were 
therefore  in  alternate  directions  for  producing  the  electric  light. 

The  clutch  by  which  the  armatures  were  connected  consisted  of 
two  iron  disks,  about  4  inches  in  diameter,  having  in  the  face  of  one, 
two  iron  pins  which  could  be  guided  into  two  corresponding  holes 
in  the  face  of  the  other.  These  disks  could  be  engaged,  or  disen- 
gaged, either  when  the  machines  were  at  rest  or  in  motion.  The 
relative  positions  of  the  pins  and  holes  in  the  disks  were  such  that 
the  armatures  might  be  engaged  in  reversed  positions  of  half  a  re- 
volution, when  required. 

Each  of  the  machines,  when  making  about  2,000  revolutions  per 
minute,  was,  of  itself,  capable  of  producing  a  very  efl&cient  electric 
light ;  and  when  the  two  armatures  were  clutched  together  in  such 
a  position  that  the  united  positive  currents  from  both  machines 
should  proceed  from  one  polar  terminal,  simultaneously  with  the 
united  negative  currents  from  the  other  polar  terminal,  the  sum 
of  the  currents  from  the  two  machines  was  obtained.  On  the  other 
hand,  when  the  armatures  were  clutched  together  in  the  reversed 
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position^  without  any  change  being  made  in  the  armature  connec- 
tions, no  current  was  produced  outside  the  two  machines. 

These  experiments,  besides  exhibiting  the  necessity  of  synchro- 
nous rotation,  further  showed  that  the  armatures  must  also  occupy 
the  same  relative  position  in  the  magnet  cylinders,  in  order  that  the 
combined  currents  from  the  two  machines  might  be  obtained.  It 
now  occurred  to  the  author  to  see  to  what  extent  the  want  of 
synchronism  in  the  armatures  would  affect  the  magnitude  of  the 
current. 

The  armatures  were  therefore  unclutched,  and  allowed  to  revolve 
independently  of  each  other,  in  the  same  manner  as  when  the  at- 
tempt was  made  to  take  the  combined  direct  current  from  the  com- 
mutators. After  the  alternating  current  had  been  transmitted 
through  the  electric  lamp  for  some  time,  it  was  found  that  there 
was  no  perceptible  diminution  in  the  amount  of  light  produced 
from  the  carbon  points,  and  that  the  current  would  melt,  very 
nearly,  the  same  quantity  of  iron  wire  as  when  the  armatures  were 
clutched  together*  On  examining  into  the  circumstances  attending 
this  unexpected  phenomenon,  it  was  first  observed  that  whenever 
the  machines  were  stopped,  the  pins  and  holes  in  the  respective 
disks  were  exactly  opposite  each  other ;  and  that,  while  the  arma- 
ture were  revolving,  the  two  disks  could  at  all  times  be  engaged 
«nd  disengaged  with  the  greatest  facility.  Moreover,  even  when 
the  disks  were  set  (before  starting  the  machine)  a  quarter,  or  half 
*  revolution,  out  of  the  position  in  which  the  maximum  amount  of 
current  was  obtained,  it  was  found  that  after  the  armatures  had 
heen  revolving  for  a  few  moments,  the  disks  resumed  their  normal 
positions  with  respect  to  each  other  (as  indicated  by  the  action  of 
the  clutch) ;  thereby  exhibiting,  not  only  the  synchronous  rotation 
t)f  the  armatures,  but  also,  that  the  machines  contained  a  principle 
"of  self-adjustment  to  the  position  in  which  the  maximum  effect  of 
the  combined  current  was  obtained.  It  was  therefore  evident  that 
this  property  of  the  current,  to  maintain  the  synchronism  of  the 
Armatures,  rendered  it  unnecessary  to  employ  mechanical  gearing 
t>f  any  kind  for  that  purpose. 

The  author  then  proceeds  to  enter  into  a  detailed  explanation  of 
the  causes  which  produce  the  synchronism  of  the  armatures,  a  sum- 
*iary  of  which  is  as  follows  :— When  the  armatures  happen  to  be 
in  that  position  during  their  revolution  in  which  they  are  producing 
the  maximum  and  minimum  amount  of  current  respectively  (as 
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must  often  be  the  case  when  there  is  no  synchronism),  that  current 
which  is  at  the  maximum  rushes  through  the  coil  which  is  produc- 
ing the  minimum  amount  of  current, — the  eftect  of  this  passage  of 
the  current  from  one  coil  to  the  other  being  to  accelerate  or  retard 
the  rotation  of  the  armature  (according  to  the  direction  of  the  cur- 
rent) until  synchronism  is  established.  On  the  other  hand,  the  ab- 
sence of  synchronism  observed  when  the  direct  current  was  taken 
from  the  machines,  by  means  of  commutators,  is  caused  by  the 
direction  of  the  currents  being  coincident  with  that  which  they 
would  receive  by  induction  from  the  electro- magnets,  and,  conse- 
quently, opposite  to  that  which  tends  to  impart  an  accelerating  or 
retarding  impulse  to  the  armatures. 

The  synchronous  rotations  of  the  armatures  having  been  secured 
in  the  case  of  the  combined  alternating  currents,  it  yet  remained  to 
obtain  the  combined  direct  currents  from  the  two  machines.  A 
pair  of  rings  and  a  commutator  were  therefore  fitted  upon  one  of 
the  armature  spindles,  which  was  made  sufficiently  long  for  the 
purpose ;  and  metallic  connection  was  established  between  the  rings 
of  each  machine  and  the  commutator  on  the  prolongation  of  the  ar- 
mature axis.  As  the  commutator  necessarily  revolved  synchro- 
nously with  the  two  armatures,  it  was  found  that  the  combined 
alternating  currents  were  rectified,  just  as  if  they  had  proceeded 
from  only  one  machine;  and  were,  consequently,  available  for 
electro-deposition,  or  for  any  other  purpose  for  which  a  direct  cur- 
rent might  be  required. 

Although  this  property  of  synchronous  rotation  has,  as  yet,  been 
observed  only  in  the  case  of  several  pairs  and  a  triple  combination 
of  machines,  yet  the  author  sees  no  reason  for  supposing  that  it 
may  not  be  extended  to  any  number  of  machines  that  may  be  con- 
veniently worked  together  from  the  same  prime  mover.  It  is  ne- 
cessary, however,  to  observe  that,  as  the  controlling  power  of  the 
current  is  only  calculated  to  correct  such  minute  deviations  from 
synchronism  as  it  is  beyond  the  power  of  mechanical  skill  to  pre- 
vent, the  driving  and  driven  pulleys  should  be,  respectively,  as 
nearly  as  possible  of  the  same  diameters,  as  the  correction  of  any 
considerable  difference  in  the  number  of  the  revolutions  of  the  ar- 
matures, caused  by  differences  in  the  diameters  of  the  pulleys,  must 
necessarily  be  attended  by  a  corresponding  diminution  of  the  useful 
effect  of  the  current  outside  the  machines. 

The  author  concludes  his  communication  by  directing  attention 
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to  an  important  property  of  the  magneto-electric  circuit,  which  ren- 
ders the  commonly  accepted  theory  by  which  the  generation  and 
propagation  of  the  electric  influence  in  voltaic  circuits  is  explained, 
inapplicable  to  those  circuits  which  are  entirely  metallic.  Refer- 
ence to  this  property  is  all  the  more  called  for  at  the  present  time, 
as  the  author  finds  that  a  want  of  acquaintance  with  it  has  given 
rise  to  no  small  amount  of  misconception  on  the  part  of  several 
eminent  mathematicians  and  electricians,  who  have  examined  his 
experiments  on  the  electric  condition  of  the  earth,  and  the  method 
by  which  he  has  thought  proper  to  estimate  the  magnitude  of  pow- 
erful induction  currents.* 

The  intensity  of  a  voltaic  current,  as  represented  by  the  mathe- 
matical theory  of  Ohm,  is  equal  to  the  electro-motive  force  divided 
by  the  internal  resistance  of  the  battery ;  and  from  this  theory  it 
is  inferred  than  an  electro-motor,  in  order  to  overcome  a  great  ex- 
ternal resistance,  must  itself  possess  a  correspondingly  great  inter- 
nal resistance.  A  further  consequence  deduced  from  this  theory/ 
is,  that  the  maximum  useful  effect  of  a  given  electro-motor  is  ob- 
tained when  the  external  and  internal  resistances  are  equal. 

Now,  this  mode  of  estimating  the  magnitude  of  an  electric  cur- 
rent does  not  apply  to  the  circuits  on  the  armatures  of  the  machines 
invented  by  the  author.  Take,  for  example,  the  results  obtained 
from  the  quantity  armature  of  a  10-inch  machine.  The  dimensions 
of  the  coil  of  this  armature  may  be  represented  by  a  bar  of  pure 
copper  67  feet  long,  and  having  a  sectional  area  of  1*6  square  inches, 
so  that  the  resistance  which  this  circuit  presents  to  the  passage  of 
a  current,  when  compared  with  that  of  the  liquids  in  a  voltaic  bat- 
tery, is  practically  null.  When  the  coil  is  in  full  action  it  will  melt 
15  inches  of  thin  iron  wire  "035  inch  in  diameter,  or  the  same  length  of 
i  inch  iron  rod  with  equal  certainty ;  and  will  electrolize  acidulated 
water  in  at  least  16  voltameters  in  series :  so  that  the  resistance 
outside  the  circuit,  whether  estimated  by  the  15  inches  of  thin 
wire  melted,  or  by  the  number  of  electrolizing  cells  in  series,  is 
more  than  one  hundred  times  greater  than  that  of  the  coil  in  which 
the  current  is  generated. 

Moreover,  the  author  has  found  that  whenever  a  voltaic  battery 
and  a  magneto -electric  machine  will  melt  an  equal  length  of  wire, 
the  power  which  these  electro- motors  have  to  overcome  external 

*  Philosophical  Magazine,  August,  18G8. 
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resistance,  as  measured  by  the  number  of  voltameters  in  series,  is 
also  equal.  And  generally  the  power  of  an  electro-motor  (whether 
voltaic  or  magneto-electric)  to  overcome  external  resistance,  is  di- 
rectly proportionate  to  the  length  of  wire  which  it  will  melt. 

From  a  consideration  of  these  results  it  will  be  seen  that  one  of 
the  fundamental  elements  which  enters  into  the  theory  of  Ohm  is 
found  wanting  when  that  theory  is  applied  to  the  estimation  of  the 
magnitude  of  currents  generated  in  circuits  entirely  magnetic, 
M.M.  Jamin  and  Roger,  in  a  recent  number  of  the  Compies  Jtendus^ 
of  the  Academy  of  Sciences,  have  also  pointed  out  the  discrepancy 
here  referred  to  in  the  application  of  Ohm's  theory  to  magneto- 
electric  circuits.  The  author  is,  however,  by  no  means  prepared 
to  admit  the  correctness  of  the  views  advanced  by  these  physicists 
in  their  endeavors  to  reconcile  the  facts  observed,  with  established 
theory,  besides  which  other  anomalies  present  themselves  when  the 
customary  formulae  are  applied  to  magneto-electric  circuits,  a  con- 
sideration of  which  must,  as  the  author  affirms,  lead  ultimately  to 
the  enunciation  of  laws  much  more  general  in  their  application  than 
those  with  which  we  are  .it  present  familiar. 


THE  CAPTIVE  BALLOON. 

Six  months  since  we  penned  some  remarks  upon  the  interesting 
features  which  presented  themselves  to  the  scientific  mind  when  up 
in  a  balloon.  We  then  observed  that  in  a  very  short  space  of  time 
any  one  who  had  not  been  up  in  a  balloon  would  be  regarded  as 
one  behind  his  time,  and  would  be  placed  in  the  same  category  as 
those  who  had  never  ridden  in  a  Hansom  cab,  nor  traveled  on  a 
railway.  The  time  to  which  we  then  looked  forward  has  arrived, 
and  it  is  now  open  to  any  one  who  likes  to  take  boat,  'bus,  or  rail 
to  Chelsea,  to  make  an  ascent  in  one  of  the  finest  and  best  appointed 
balloons  that  ever  floated  in  the  air.  This  splendid  aerostat  is  the 
property  of  M.  Giffard,  the  inventor  of  the  well  known  injector, 
and  by  whom  it  was  constructed.  It  is  now  on  view  in  the  Ash- 
burnham  Park,  Chelsea,  where  it  is  daily  making  captive  ascents — 
weather  permitting.  In  one  of  these  ascents  we  had  the  pleasure 
of  joining  yesterday  week,  on  the  invitation  of  the  proprietor,  and 
which  ascent  we  briefly  recorded  in  our  last  number.  On  that 
occasion,  Mr.  Glaisher  made  the  ascent  with  the  view  of  taking 
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some  meteorological  observations  near  the  earth,  which  the  gradual 
ascent  of  a  captive  balloon  would  permit  of,  and  which  he  had  not 
been  able  to  take  in  a  free  balloon,  owing  to  the  rapidity  with 
which  it  always  left  the  earth.  On  that  occasion,  too,  there  were 
present  Lord  Bichard  Grosvenor  and  Lord  DufFerin,  members  of 
the  council  of  the  Aeronautical  Society  of  Great  Britain,  Mr. 
Brearey  (the  secretary),  Mr.  T.  Cargill,  C.  E.,  and  several  other 
scientific  gentlemen.  But  the  elements  were  unpropitious ;  a  stiff 
breeze  suddenly  sprang  up,  which  obliged  the  party  to  return  to 
earth  after  an  altitude  of  about  2,000  feet  had  been  reached.  The 
circumstance,  however,  served  to  show  how  perfect  all  the  arrange- 
ments were,  and  how  thoroughly  under  control  the  immense  machine 
was.  As  we  made  the  ascent  shortly  before  going  to  press,  we  had 
not  time  to  place  the  details  of  the  apparatus  before  our  readers ; 
we,  however,  propose  to  do  so  now. 

Those  who  visited  Paris  during  the  last  Great  Exhibition  will, 
doubtless,  remember  M.  GiflFard's  captive  balloon,  and  the  machi- 
nery by  which  the  ascents  and  descents  were  regulated.  This 
machinery  has  now  been  brought  to  London,  together  with  a  bal- 
loon 23  feet  larger  in  diameter  than  the  Paris  balloon,  and  a  rope 
of  much  greater  length.  On  entering  the  Ashburnham  Park,  the 
visitor  finds  himself  in  a  circus  246  feet  in  diameter,  encircled  by 
a  screen  of  timber  framing  80  feet  in  height,  and  covered  with 
canvas.  In  the  centre  of  this  arena  is  a  well  about  15  feet  deep, 
over  which  the  balloon,  when  not  on  a  journey,  is  held  in  place  by 
numerous  guy  ropes.  This  balloon  is  93  feet  in  diameter,  and  when 
inflated  contains  421,161  cubic  feet  of  gas,  pure  hydrogen  being 
the  gas  used.  The  material  of  which  the  balloon  is  constructed  is 
composed  of  one  layer  of  linen  interior,  united  to  another  layer  of 
the  same  material,  by  means  of  a  solution  of  india-rubber.  Out- 
side this  is  a  layer  of  Cretonne  linen,  the  attachment  being  formed 
by  a  vulcanized  india-rubber  composition.  The  exterior  is  finished 
with  two  coats  of  gum  shellac  varnish,  over  which  again  are  laid 
fine  coats  of  boiled  linseed  oil.  From  the  balloon  is  suspended  a 
circular  car,  having  the  centre  open  for  the  passage  of  the  rope, 
which  is  attached  directly  to  the  body  of  the  balloon.  The  car 
will  accommodate  about  twenty-five  persons ;  this  was,  in  fact,  the 
number  that  made  the  ascent  to  which  we  have  referred.  The  rope 
is  made  fast  to  a  pressure  gauge,  having  a  horizontal  dial,  upon 
which  a  pointer  indicates  the  strain  put  upon  the  rope  at  any 
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moment.  The  balloon  weighs  6,000  pounds;  the  core  netting, 
with  which  it  is  covered,  and  the  necessary  guy  ropes,  &c.,  which 
are  very  numerous,  are  stated  to  weigh  4,000  pounds. 

The  main  rope  by  which  the  balloon  is  held  captive,  weighs 
4,350  pounds,  is  2,150  feet  in  length,  and  is  2J  inches  in  diameter 
at  the  end  next  the  balloon,  gradually  tapering  to  2  inches  diame- 
ter at  the  end  next  the  winding  drum.  The  object  of  thus  tapering 
the  rope,  is  that  its  weakest  part  may  be  nearest  the  ground,  at 
which  point  it  would  first  give  way,  if  it  broke  at  all — which  is 
hardly  probable.  By  this  means,  if  such  an  event  did  take  place, 
there  would  be  no  danger  to  those  below,  from  a  heavy  mass  of 
rope  falling  upon  them.  It  would  also  act  somewhat  as  a  brake  upon 
the  balloon,  which  would  otherwise  shoot  upwards  at  a  terrific 
rate,  when  suddenly  relieved  of  its  load.  The  rope  passes  from 
the  balloon  over  a  pulley  wheel  5  feet  6  inches  in  diameter, 
which  is  so  arranged  that  it  allows  the  rope  to  pass  freely  over  it, 
no  matter  what  angle  it  may  take.  It  is,  in  fact,  swivelled  horizon- 
tally and  vertically,  and  has  a  heavy  counterbalance  weight  attached 
to  it.  This  pulley  wheel  is  held  down  by  a  strong  frame  work, 
which  is  built  into  the  earth,  and  is  weighted  with  50  tons  of  brick, 
iron  and  timber  work.  The  rope  passes  horizontally  from  the  pul- 
ley along  a  gradually  widening  tunnel  to  the  winding  drum  which 
is  placed  at  the  far  side  of  the  circus.  This  drum  is  23  feet  in 
length,  and  7  feet  in  diameter.  It  is  cast  in  lengths,  and  is  grooved 
to  receive  the  rope.  The  drum  is  surrounded  by  a  platform,  at 
each  end  of  which  is  a  double  cylinder  steam  engine  of  horizontal 
construction.  These  engines  drive  the  drum  by  means  of  toothed 
gearing;  they  receive  steam  from  two  vertical  boilers  placed  in  the 
rear  of  the  circus.  The  boilers  are  of  French  construction,  by  M. 
Duresnes,  as  are  also  the  engines,  which  are  by  M.  H.  Flaud  The 
winding  drum  was  made  in  London  by  M.  Babeaud,  the  engineer 
in  charge  of  the  balloon  machinery. 

On  a  piece  of  spare  ground  in  the  rear  of  the  circus  is  the  appa- 
ratus for  producing  the  gas.  This  consists  of  a  series  of  wooden 
vats  in  which  scrap  iron  is  placed  in  a  solution  of  sulphuric  acid. 
The  gas  is  drawn  off  to  a  receiver,  and  is  made  to  pass  through  a 
washer  and  a  purifier,  after  which  it  is  stored  in  a  gas  holder  ready 
for  use.  The  balloon  is  always  kept  inflated,  but  there  is  always  a 
loss  going  on  from  condensation,  the  deficiency  being  made  good 
every  evening.     The  cost  of  the  balloon  and  apparatus  has  been 
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something  considerable,  as  will  be  seen  from  the  following  items: 
Cost  of  balloon  £2,000 ;  netting,  guy,  and  other  necessary  ropes, 
£2,000 ;  main  holding-rope,  £220 ;  engines,  boilers,  and  machinery 
to  work  the  balloon,  £4,000 ;  gas  works,  £1,200.  Thqse  items 
— which  arc  not  all  that  could  be  enumerated — represent  the  respect- 
able sum  of  £9,420,  and  when  we  add  that  the  gas  for  one  inflation 
costs  £600,  it  will  be  seen  that  M.  Giffard  has  made  an  investment 
of  no  light  nature,  but  which  we  trust  will  prove  as  satisfactory  to 
himself  as  his  balloon  will  prove  attractive  to  the  public.  A  care- 
ful examination  of  the  whole  apparatus  has  satisfied  us  that  every- 
thing is  as  safe  as  human  ingenuity  and  foresight  can  make  it.  Two 
experienced  aeronauts,  MM.  Godard  and  Aymo,  accompany  each 
ascent,  whilst  the  manager  is  M.  Yon,  who  manufactured  the  whole 
of  the  ropes  and  netting,  and  also  constructed  the  balloon  for  M. 
Giflkrd..  We  can  but  wish  success  to  this  novel  enterprise,  which 
we  are  sure  will  be  well  patronized  by  the  public,  whenever  the 
weather  will  permit  of  ascents  being  made.  There  is  now  no  excuse 
for  the  public  not  enjoying  the  privilege  of  a  balloon  ascent,  which 
luxury  has  hitherto  only  been  allowed  to  a  select  few. 


ON  THE  NEW  CHEMICAL  NOMENCLATURE. 

By  Dr.  Adolph  Ott. 

'*  We  must  acknowledge  that  the  present  system  of  nomenclature  must  be  aban- 
doned, in  order  to  give  the  true  science  of  chemistry  a  rapid  and  onward  impulse." 
—James  C.  Booths  1862. 

The  deficiency  of  the  present  system  of  chemical  nom'enclature, 
though  immensely  felt  for  many  years,  has  chiefly  been  brought  to 
light  by  the  late  astonishing  strides  of  organic  chemistry,  or  the 
chemistry  of  "  carbon  compounds,"  as  termed  by  Kolbe.  Here, 
the  application  of  the  principles  predominating  in  mineral  chemistry, 
resulted  in  the  formation  of  names  of  such  considerable  length, 
that  though  indicating  the  composition  of  the  respective  bodies, 
they  can  scarcely  be  retained  in  the  memory,  are  apt  to  mislead 
the  novice  in  a  thousand  ways,  and  seriously  to  prejudice  him  at 
first  against  one  of  the  most  useful  and  interesting  sciences.  What 
shall  we  say  of  names  with  seventeen  or  more  syllables,  such  as 
every  text-book  on  organic  chemistry  now  abounds  with  ?  And 
when  it  is  know^n,  as  a  distinguished  writer  asserts,  that  "  the  cata- 
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logue  of  the  infinite  number  of  substances  which  organic  chemistry 
embraces,  will  shortly  exceed  that  elaborated  by  astronomers  for 
the  stars  themselves,"  it  will  be  the  better  understood  how  great  a 
drawback  the  retaining  of  the  present  scheme  of  nomenclature 
must  be  for  the  science  referred  to.  Though  in  a  less  distinct 
manner,  this  deficiency  has  also  been  long  felt  in  the  domain  of 
inorganic  chemistry.  We  also  meet  here  with  scarcely  pronounc- 
able  denominations,  as  "  hypersulphomolybdate  of  potassa,"  "  sesqui- 
basicoammoniao-sulpharseniateofsoda,''"triphosphofluor-calcium," 
and  many  others ;  still  their  number  is  less,  and  they  are  therefore 
less  conspicuous.  We  might  for  this  reason  also  substitute  empiric 
names  for  them.  This  system,  however,  evidently  could  not  be 
well  carried  out  in  the  domain  of  organic  chemistry.  The  present 
scheme  of  chemical  nomenclature  is,  moreover,  not  equal  to  the 
high  demands  of  science,  for  reasons  which  shall  be  stated  hereafter. 
Indeed,  it  cannot  be  considered  as  the  expression  of  a  system,  since 
it  must  be  learned  as  a  language,  which,  in  many  cases  is  even  so 
imperfect,  that  formulae  alone  can  give  us  a  correct  idea  of  the  com- 
position of  bodies.  Such  is  the  present  condition  of  chemical 
nomenclature. 

Laurent  in  his  "  Chemical  Methods,"  admits  that  "  the  problem  of 
chemical  nomenclature  is  so  beset  with  difiiculties,  that  from  a 
thorough  examination  of  them,  we  should  be  inclined  to  renounce 
the  task  of  solution."  Fortunately  for  the  progress  of  science, 
these  difficulties  have  been  surmounted  by  an  American  savant, 
who  in  view  of  the  words  of  RegnauU  that  "  chemical  nomencla- 
ture can  no  longer  be  altered  materially  without  great  inconveni- 
ence," has  invented  an  entirely  new  scheme,  which  in  spite  of  its 
originality  (and  this  is  its  great  merit),  is  nevertheless  built  up  in 
a  true  conservative  spirit,  and  upon  the  foundation  laid  by  the  great 
men,  who  devoted  their  lives  to  the  advancement  of  chemistry.  It 
is  self  evident  that  a  system  like  this  must  at  once  command  our 
highest  interest  and  participation. 

It  was  first  proposed  at  the  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  held  in  the  City  of  BuflEsilo, 
August,  1866,  by  the  worthy  Professor  of  Technology  in  the 
American  Institute  of  the  City  of  New  York,  S.  D.  Tillman^  L.L.D., 
and  is  found  published  in  extenso  in  the  proceedings  of  the  above 
mentioned  association,  issued  by  Joseph  Levering,  in  Cambridge, 
in  1868. 
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In  order  to  be  able  more  fully  to  appreciate  its  high  claims,  we 
propose  to  devote  some  space  to  the  rise  and  progress  of  chemical 
nomenclature. 

The  history  of  the  spoken  language  of  chemistry  shows  more 
clearly  than  that  of  any  other  science  its  various  conditions  in  the 
succeeding  stages  of  progress.  The  early  cultivators  of  science  hid 
their  doctrines  under  the  veil  of  an  obscure,  figurative,  and  enig- 
matic language,  adopting  at  the  same  time,  particular  characters 
for  signifying  the  various  bodies  known  to  them.  In  the  belief  that 
the  celestial  bodies  exercised  a  direct  influence  on  terrestrial  pro- 
ducts, they  consecrated  the  metallic  and  other  substances  to  the 
seven  so-called  planets.  To  Saturn  were  consecrated  the  lead, 
the  litharge  and  agate ;  to  Jupiter,  the  tin,  corals,  all  white  stones, 
the  sandarac  and  the  sulphur ;  to  Mars,  the  iron,  the  loadstone, 
and  the  pyrites ;  to  the  Sun,  the  gold,  the  carbon,  the  diamond,  the 
sapphire  and  hyacinth ;  to  Mercurius,  the  quicksilver,  etc.;  to  the 
Moon,  the  silver,  etc.,  etc.  Traces  of  this  nomenclature  yet  remain 
in  terms,  as  Arbor  Dianse,  tincture  of  Mars,  Martial  pyriieSj  Lunar 
caustic,  mercury,  (which  latter  term  has  become  universally  employed) 
and  others.  The  term  sal  is  used  since  the  oldest  times,  for  every- 
thing tasting  like  salt,  or  even  for  substances,  as  the  carbonate  of 
potassa,  which  share  only  some  properties  with  the  same,  viz., 
solubility  in  water,  deliquescence  and  color.  At  a  latter  period, 
words  referring  to  the  origin  of  the  respective  substance  are  added 
thereto.  Thus  we  have  the  expressions,  sal  marinum,  sal  ammoni- 
aeum,  sal  jpetrse,  or  nitri;  sal  vegetabile  for  potash,  is  also  used  at 
quite  an  early  date.  We  find  figurative  expressions  also  quite  fre- 
quently introduced  into  nomenclature.  Alcohol*  was  called  aqita 
ardens,  sal  amTnonise,  amina  sensihilis,  cancer,  lapis  aquilinis,  aqua 
duorum,  fratrium,  ex  sorrore,  etc. 

Yeber  or  Oeber  (ninth  century),  who  first  made  us  acquainted 
with  the  preparation  of  nitric  acid  and  aqua  regia,  calls  the  former 
aqua  dissoluiiva,  and  so  he  designates  the  liquid  obtained  in  subject- 
ing alum  to  heat  in  a  retort  and  collecting  the  rising  vapors. 

From  the  thirteenth  to  the  eighteenth  century,  the  various  com- 
pounds are  briefly  denominated  according  to  physical  properties,  or 
slight  resemblances  in  some  external  characters  to  domestic  articles. 

*  This  word  is  derived  from  a  Cbaldaic  verb,  which  signifies  to  hum,  or  to  terrify. 
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•We  refer  to  names  like  oleum  vitrioli\  rheum  tartaric  oleum  martis,* 
names  which  to  some  extent  justify  Dumas'  in  saying :  "  Les  chimistes 
sembkiient  avoir  emj^runte  le  langage  dcs  cuisiniercs,^ 

Spirt tus  fumans^  Jiores  zinci,  flores  sulphuris^  are  other  names, 
expressing  various  significations.  The  term  salt  obtained  still  a 
wider  signification  than  it  possessed  in  ancient  times.  Palissy^  the 
cotemporary  of  Agricola  and  Paracelsus,  and  himself  the  represen- 
tant  of  a  speedily  growing  science,  in  his  treatise  on  "  Des  scls  divers,'*'' 
embraces  under  the  term  salt,  saltpetre,  vitriols,  alum,  borax,  sugar, 
sublimat,  cream  of  tartar,  and  sal  ammonias.  Metallic  bodies  of  an 
orange  color  were  called  crocus  ;  wthiops  if  of  a  black  one. 

With  the  discovery  of  a  greater  number  of  compounds,  especi- 
ally of  salts,  which  were  lacking  remarkable  properties,  recourse 
was  had  to  the  names  of  the  discoverers.  Thus  the  names  sal 
mirabile  glauheri,  sal  poly chrestum  gla^eri  took  their  origin.  During 
the  period  of  alchemistry,  nearly  every  chemist  created  his  own 
nomenclature,  only  for  the  common  substances,  the  expressions 
coincide  greatly  with  each  other.  Towards  the  close  of  the  seven- 
teenth century,  chemists  agreed  finally  to  establish  similar  names 
on  the  similarity  of  properties.  The  sulphates  were  distinguished 
as  vitriols,  the  nitrates  as  nitres.  The  condition  of  chemical  nomen- 
clature as  late  as  in  the  commencement  of  the  eighteenth  century 
may,  however,  be  inferred  from  the  fact  that  the  black  oxide  of 
manganese  was  called  magnesia  nigra,  in  opposition  to  the  magnesia 
alba,  because  it  was  supposed  that  these  bodies  were  greatly  similar 

to  each  other. 

(To  be  continued.) 


ON   AN  EASY  METHOD  OF  MEASURING  APPROXIMATELY  THE 
INTENSITY  OF  TOTAL  DAYLIGHT. 

By  Roger  J.  Wright,  Esq. 

An  easy  method  by  which  the  amount  of  light  may  be  at  any  time 
measured  and  registered,  appears  to  be  still  wanting.  I  would  sug- 
gest the  following  plan,  by  which  I  believe  the  desired  object  may 
may  be  attained. 

We  have  a  rod  of  solid  metal,  terminated  by  a  heavy  base,  which 
keeps  the  rod  in  a  perpendicular  position,  also  a  hollow  tube,  black- 
ened inside,  of  such  a  diameter  as  exactly  to  fit  and  slide  over  the 

*  The  Persian  alchemist,  Rhasds  (860-940),  according  to  Hatfer  (vide  his  "  His- 
toire  de  la  chimie,"  I.  823),  makes  first  mention  of  an  oil  obtained  by  submitting 
the  atramentris  (sulphate  of  iron)  to  distillation.  Hoefer  is  even  of  the  belief  that 
this  oil,  our  oil  of  vitriol,  was  known  before  Khasos,  in  an  epoch  when  the  distil- 
lation was  one  of  the  principal  manipulations  of  the  chemist,  as  it  is  also  to-day. 
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rod.  The  upper  extremity  of  the  rod  is  painted  of  a  snowy  white, 
with  a  jet  black  spot  in  the  centre.  On  the  rod  is  marked  tne  scale, 
beginning  with  zero  at  the  base.  The  tube  is  pushed  over  the  rod 
till  the  lower  extremity  coincides  with  the  zero  line. 

The  method  of  using  this  instrument  is  as  follows : — Draw  the 
tube  gently  up  the  rod,  at  the  same  time  looking  steadily  at  the 
black  spot  before  mentioned.'  It  will  be  found,  as  the  tube  ascends, 
that  the  black  spot  will  gradually  disappear,  and  ultimately  vanish 
in  the  gloom;  it  will  also  be  found  that  on  different  days,  and  differ- 
ent hours  of  the  same  day^  the  j)oint  at  which  the  Hack  spot  vanishes 
will  vary  with  the  intensity  of  the  light.  This  point  is  read  off'  on 
the  graduated  scale,  and  thus  we  are  enabled  to  measure  the  inten- 
sity of  the  light  at  any  required  time.  In  taking  an  observation, 
it  would  be  well  to  state  whether  that  portion  of  sky  round  the 
zenith  from  which  the  cone  of  rays  proceeds  be  clear  or  cloudy. 

It  will  be  seen  that  the  result  obtained  by  this  method  is  not 
scientifically  correct,  as  it  will  be  affected  by  the  eyesight  of  the 
person  who  makes  the  observation,  but  only  in  a  slight  degree. 
The  method  of  measuring  light,  as  just  described,  has  been  known 
to  me  for  upwards  of  three  years.  The  hope  that  I  should  some 
day  be  enabled  to  make  the  instrument  scientifically  correct,  has 
hitherto  prevented  me  from  making  it  public.  As  I  understand 
that  it  is  highly  desirable  to  have  some  means  of  estimating  the. 
changes  in  the  light  which  will  occur  during  the  total  eclipse  of 
the  sun  in  August  next,  I  no  longer  feel  justified  in  keeping  in  the 
back-ground  an  instrument  which  msLy  possibly  be  of  some  slight 
assistance. 


ON  THE  MEASUREMENT  OF  THE  LUMINOUS  INTENSITY  OF  LIGHT. 

By  William  Crookes,  P.R.S.,  &c. 

The  measurement  of  the  luminous  intensity  of  a  ray  of  light  is 
a  problem,  the  solution  of  which  has  been  repeatedly  attempted,  but 
with  less  satisfactory  results  than  the  endeavors  to  measure  the 
other  radiant  forces.  The  problem  is  susceptible  of  two  divisions, 
the  absolute  and  the  relative  measurement  of  light. 

A  relative  photometer  is  one  in  which  the  observer  has  only  to 
ascertain  the  relative  illuminating  powers  of  two  sources  of  light, 
one  of  which  is  kept  as  uniform  as  possible,  the  other  being  the 
light  whose  intensity  is  to  be  determined.  It  is  therefore  evident 
that  one  great  thing  to  be  aimed  at  is  an  absolutely  uniform  source 
of  light.  In  the  ordinary  process  of  photometry  the  standard  used 
is  a  candle,  defined  by  Act  of  Parliament,  as  a*"  sperm  of  six  to  the 
pound,  burning  at  the  rate  of  120  grains  per  hour."     This,  how- 
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ever,  is  found  to  be  very  variable,  and  many  observers  have  alto- 
gether condemned  the  employment  of  test-candles  as  light-measures. 

The  author  has  taken  some  pains  to  devise  a  source  of  light 
which  should  be  at  the  same  time  fairly  uniform  in  its  results,  would 
not  vary  by  keeping,  and  would  be  capable  of  accurate  imitation 
at  any  time  and  in  any  part  of  the  world  by  mere  description.  The 
absence  of  these  conditions  seems  to  be  one  of  the  greatest  objec- 
tions to  the  sperm-candle.  It  would  be  impossible  for  an  observer 
on  the  continent,  ten  or  twenty  years  hence,  from  a  written  descrip- 
tion of  the  sperm-candle  now  in  use,  to  make  a  standard  which 
would  bring  his  photometric  results  into  relation  with  those  obtained 
here.  Without  presuming  to  say  that  he  has  satisfactorily  solved 
all  difficulties,  the  writer  believes  that  he  has  advanced  some  dis- 
tance in  the  right  direction,  and  pointed  out  the  road  for  further 
improvement. 

A  glass  lamp  is  taken  of  two  ounces  capacity,  the  aperture  in  the 
neck  being  0*25  inch  in  diameter;  another  aperture  at  the  side 
allows  the  liquid  fuel  to  be  introduced;  this  consists  of  alcohol  of 
sp.  gr.  0*805,  and  pure  benzol  boiling  at  81°  C,  which  are  mixed 
together  in  the  proportion  of  five  volumes  of  the  former  and  one 
of  the  latter.  The  wick-holder  consists  of  a  platinum  tube,  and  the 
wick  is  made  of  fifty-two  pieces  of  platinum  ,wire,  each  0*01  inch 
in  diameter.  The  flame  of  this  lamp  forms  a  perfectly  shaped  cone, 
the  extremity  being  sharp,  and  having  no  tendency  to  smoke; 
without  flicker  or  movements  of  any  kind,  it  burns  when  protected 
from  currents  of  air  at  a  uniform  rate  of  136  grains  per  hour. 

These  is  no  doubt  that  this  flame  is  very  much  more  uniform 
than  that  of  the  sperm-candle  sold  for  photometric  purposes.  Tested 
against  a  candle,  considerable  variations  in  relative  illuminating 
power  have  been  observed ;  but  on  placing  two  of  these  lamps  in 
opposition,  no  such  variations  have  been  detected. 

The  instrument  devised  for  measuring  the  relative  intensities  of 
the  standard  and  other  lights  is  next  described ;  it  has  this  in  com- 
mon with  that  of  Arago  described  in  1833,  as  well  as  with  those 
described  in  1853  by  Bernard,  and  in  1854  by  Babinet,  that  the 
phenomena  of  polarized  light  are  used  for  eflfecting  the  desired  end.* 
But  it  is  believed  that  the  present  arrangement  is  quite  new,  and  it 
*  Since  writing  the  above,  I  have  ascertained  that  M.  Jamin  had  previously 
devised  a  photometer  In  which  the  principle  adopted  in  the  one  here  described  is 
employed,  although  it  is  carried  out  in  a  different,  and  as  I  believe,  a  less  perfect 
rftanner.— W.  C,  Dec.  16, 1868. 
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certainly  appears  to  answer  the  purpose  in  a  way  which  leaves  little 
to  be  desired.  The  instrument  cannot  be  described  without  the  aid 
of  drawings  which  accompany  the  original  paper,  but  its  mode  of 
action  may  be  understood  by  the  following  description. 

The  standard  lamp  being  placed  on  one  of  the  supporting  pillars 
which  slide  along  a  graduated  stem,  it  is  moved  along  the  bar  to  a 
convenient  distance,  depending  on  the  intensity  of  the  light  to  be 
measured.  The  light  to  be  compared  is  then  fixed  in  a  similar  way 
on  the  other  side  of  the  instrument.  On  looking  through  the  eye- 
piece two  brightly  luminous  disks  will  be  seen,  of  diflferent  colors, 
one  of  the  lights  must  now  be  slid  along  the  scale  until  the  two 
disks  of  light,  as  seen  in  the  eyepiece,  are  equal  in  tint.  Equality 
of  illumination  is  easily  obtained ;  for,  as  the  eye  is  observing  two 
adjacent  disks  of  light  which  pass  rapidly  from  red-green  to  green- 
red,  through  a  neutral  point  of  no  color,  there  is  no  difficulty  in 
hitting  this  point  with  great  precision.  Squaring  the  distance 
between  the  flames  and  the  centre  will  give  inversely  their  relative 
intensities. 

The  delicacy  of  this  instrument  is  very  great.  With  two  lamps, 
each  about  24  inches  from  the  centre,  it  is  easy  to  distinguish  a 
movement  of  one  of  them  to  the  extent  of  one-tenth  of  an  inch  to 
or  fro,  and  by  using  the  polarimeter  an  accuracy  exceeding  this 
can  be  attained. 

The  employment  of  a  photometer  of  this  kind  enables  us  to  com- 
pare lights  of  different  colors  with  one  another.  So  long  as  the 
observer,  by  the  eyepiece  alone,  has  to  compare  the  relative  inten- 
sities of  two  surfaces  respectively  illuminated  by  the  lights  under 
trial,  it  is  evident  that,  unless  they  are  of  the  same  tint,  it  is  impos- 
sible to  obtain  that  absolute  equality  of  illumination  in  the  instru- 
ment which  is  requisite  for  a  comparison.  By  the  unaided  eye  one 
cannot  tell  which  is  the  brighter  half  of  a  paper  disk  illuminated 
one  side  with  a  reddish,  and  on  the  other  with  a  yellowish  light ; 
but  by  using  the  photometer  here  described,  the  problem  becomes 
practicable.  When  the  contrasts  of  color  are  very  strong  (when,  for 
instance,  one  is  a  bright  green  and  the  other  scarlet),  there  is  diffi- 
culty in  estimating  the  exact  point  of  neutrality:  but  this  only 
diminishes  the  accuracy  of  the  comparison,  and  does  not  render  it 
impossible,  as  it  would  be  according  to  other  systems* 
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SPECTRUM  ANALYSIS. 

By  Prof.  Henry  Morton,  Ph.  D. 
(Continued  from  page  G2.) 

The  first  of  the  general  laws  of  spectrum  analysis,  as  deduced  by 
its  founders,  Kirchhoff  and  Bunsen,  was  that,  while  solids  and 
liquids,  either  in  mass  or  separated  in  fine  particles,  when  incan- 
descent, emitted  light  of  continuously  various  rates  of  motion,  (/.  e. 
of  all  the  intermediate  rates  between  their  extreme  ones);  incan- 
descent gases,  on  the  contrary,  emitted  rays  of  only  a  limited  num- 
ber of  definite  rates. 

Consequently,  when  the  light  from  a  solid  or  liquid  is  decom- 
posed by  the  action  of  a  prism,  as  explained  in  our  former  paper, 
it  will  yield  a  continuous  spectrum,  because  every  shade  of  color 
between  those  constituting  the  extremes  is  present,  and  will,  there- 
fore, fill  its  appropriate  intermediate  place;  but  the  light  from  a 
gas  or  vapor,  on  the  other  hand,  will  yield  an  interrupted  spectrum, 
consisting  of  bright  lines  with  blank  or  dark  spaces  between  them, 
because  only  certain  rates  of  vibrations  or  colors  are  present,  and 
the  intermediate  ones  are  wanting. 

It  was,  at  first,  supposed  that  the  number  and  position  of  lines  in 
gaseous  spectra  were  unaffected  by  the  temperature  of  the  gas,  but 
were  always  the  same,  for  the  same  substance,  oven  when  in  differ- 
ent combinations  with  other  elements. 

Subsequent  researches  have  served  to  modify  these  conclusions 
in  certain  respects  as  we  shall  proceed  to  show. 

Drs.  Frankland  and  Tyndall,  in  1861,  both  about  the  same  time 
observed  by  accident  that  in  the  electric  arc  Lithum  developed  a 
brilliant  blue  line  in  its  spectrum  which  is  not  found  when  it  is 
heated  in  a  Bunsen  burner,  or  even  in  the  oxohydrogen  flame. — 
Phil  Mag.,  1861,  p.  473.  Again,  in  1865,  Prof.  Plucker,  of  Bonn, 
observed  that  by  variously  modifying  the  intensity  of  an  electric 
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discharge  through  Qcissler  tubes  containing  rarefied  gases  and 
rapors,  at  least  two  and  sometimes  three  entirely  distinct  spectra 
might  be  developed  from  the  same  element,  and  that  under  certain 
conditions  of  great  intensity,  the  lines  were  so  expanded  as  to  pro- 
duce a  sensibly  continuous  spectrum  even  from  a  rarefied  gas,  (see 
Phil  Trans,,  1865,  Vol.  CLV.,  p.  20 ;  also  this  Journal,  Vol.  LVII., 
p.  271.)  Yet  again,  in  1867,  Dr.  Frankland,  in  a  lecture  on  the 
**  Source  of  Light  in  Luminous  Flames,"  reprinted  in  this  Journal, 
Vol.  LVII,  p.  880,  showed  that  vapors  and  gases  under  certain  con- 
ditions might  yield  continuous  spectra. 

Lastly,  with  regard  to  the  eflfect  of  composition  with  other  ele- 
ments we  have  the  researches  of  M.  E.  Diacon,  published  fully,  with 
illustrations,  in  the  Ann.  de  Chem.  et  de  Phys.,  Sept.,  1865,  and  in 
abstract  in  Chemical  News,  1865,  p.  248. 

It  was  here  proved  that  under  such  special  conditions  as,  for  ex- 
ample, heating  a  chloride  in  a  flame  of  hydrogen  and  chlorine  out 
of  contact  with  air,  the  spectra  of  some  substances  was  entirely 
altered,  and  that  of  others  much  modified,  though  with  some,  no 
change  was  produced. 

All  these  modifications  of  the  general  law  imply  special  and 
marked  conditions,  however,  which  it  is  impossible  not  to  recognise^ 
and  thus  we  may  practically  regard  the  general  law  that  the  spec- 
trum lines  of  each  substance  are  fixed  characteristics,  and  that  dis- 
continuous spectra  indicate  a  gaseous  state,  as  generally  reliable. 

The  most  remarkable  applications  of  this  law  which  have  been 
made,  are  to  the  investigation  of  the  constitution  of  nebute  and 
comets  and  to  the  luminous  prominences  or  flames  seen  around  the 
sun  during  total  eclipses. 

With  regard  to  the  first,  we  will  here  only  note  that  Messrs. 
Huggins  and  Miller,  by  a  series  of  observations,  of  which  a  more 
complete  account  is  given  in  this  Journal,  Vol.  L.,  p.  284,  showed 
that  while  some  nebula  gave  a  continuous  spectrum,  and  were, 
therefore,  presumably  composed  of  star-clusters,  others  gave  spec- 
tra of  a  few  bright  lines  only,  chiefly  corresponding  with  hydrogen 
and  nitrogen  gases,  and  were,  therefore,  presumably  not  of  stellar, 
but  of  truly  nebulous  composition. 

Spectrum  B,  on  Fig.  1,  shows  the  normal  nebular  spectrum,  A 
giving  the  most  prominent  lines  of  nitrogen,  oxygen,  magnesium 
and  (Na)  sodium. 

Vol.  LVIIL— Thikd  Skriks.— No.  2.— August,  1869.  18 
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By  this  means  a  new  light  was  thrown  upon  the  nature  and  con- 
dition of  these  bodies,  and 


Fig.  1. 


Fig.z 


the  attention  of  astronomers 
^^^^^      was  directed  to  their  possi- 

90       M.  IS     MfT  n    Tta,         had  not  before  been  studied 

^^^^^^^^^^^^^^^^^^^B  their  supposed  enormous  dis- 
tance. 
Similarly,  by  observation  of  such  comets  as  have  been  visible 
since  the  development  of  this  process,  it  has  been  shown  that,  while 
the  light  emitted  by  the  tails  is  probably  due  to  reflected  sunlight, 
that  coming  from  the  nucleous  is  of  gaseous  origin.  Thus,  the 
comet  II.  of  1868  gives  a  spectrum  such  as  is  seen  in  Fig.  2,  and 

corresponding  exactly  with 

^^^^      ^^^^  ^^  ignited  carbon  vapor. 

^^^^B^^^^^^^^^^^^^^H  Unfortunately,  the  supply 

of  comets  during  the  last 
year  or  two  has  been  small,'and  not  of  a  brilliant  character,  the 
only  other  which  admitted  of  spectroscopic  study  being  Brorson^s, 
which  was  of  small  size  and  gave  the  spectrum  (shown  in  Fig.  8) 

which  has  not  yet  been  iden- 
^^^^^^^^^^^^^^^^^^^^     tified. 
^^^^^^^^^^^^^^^^^^^H         The 

or  law  of  spectrum  analysis 
may  be  thus  stated.  Each  substance  will  absorb  exactly  those 
kinds  of  light  which  it  emits  when  self-luminous.  Thus,  as  we 
have  seen,  sodium  vapor  emits  essentially  pure  yellow  light  of  a 
character  which  we  may  more  exactly  express  by  saying  that  its 
rate  of  vibration  is  527,000,000,000,000  times  per  second.  If,  now, 
a  ray  of  white  light  is  caused  to  go  through  a  mass  of  sodium  vapor, 
all  the  colors  will  pass  freely  except  the  yellow,  whose  vibrations 
are  at  the  rate  mentioned  above.  These  will  be  absorbed  by  the 
vapor,  and,  while  adding  to  its  general  luminosity,  will  be  abstracted 
from  the  traversing  beam,  so  that  when  it  is  subsequently  separated 
by  a  prism  into  its  constituent  colors,  in  the  manner  described  in 
our  first  article,  the  yellow  will  be  wanting,  and  thus,  in  the  spec- 
trum produced,  a  black  space  or  line  will  appear  in  the  yellow 
part. 
This  is  not  a  meaningless,  unreasonable  or  isolated  rule,  but  one 


Fig.  8. 
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which  is  a  natural  deduction  from  general  principles,  and  in  accord- 
ance with  the  universal  laws  of  mechanics. 

This  we  will  endeavor  to  make  plain.  Keeping  in  mind  that 
light  is  simply  a  rapid  vibratory  motion,  it  is  clear  that  if  a  Sub- 
stance is  capable  of  emitting  exclusively  one  color  of  light, — that 
is,  vibrations  of  one  particular  rate  alone, — this  must  be  because 
its  particles  are  so  constituted  that  they  can  only  vibrate  at  this 
rate.  So  is  it  with  a  piano-string :  it  always  gives  one  note,  because 
its  length,  weight  and  tension  are  so  adjusted  that  it  can  vibrate  at 
one  rate  and  no  other.  If,  now,  a  series  of  vibrations  following 
each  other  at  exactly  this  rate  strike  upon  this  string,  they  will 
communicate  their  motion  to  it,  because  the  first  will  give  it  a  little 
impulse,  too  slight  to  be  perceptible,  but  yet  something,  and  the 
second  will  arrive  just  in  time  to  add  to  this  at  the  next  swing,  and 
the  third  again  in  its  turn,  until  the  accumulated  effect  becomes 
sensible.  Thus  with  a  swing.  Suppose  that  a  swing  was  of  such 
a  length  that  it  made  its  full  vibration  forward  and  back  again  in 
three  seconds  (this  would  require  it  to  be  about  twenty-nine  feet 
and  three  inches  long),  and  that  we  gave  it  a  series  of  light  pushes 
exactly  three  seconds  apart.  The  first  push  would  move  it  a  little, 
and  it  would  sway  forward  and  then  come  back  beyond  where  it 
started,  and  would  then  (exactly  three  seconds  after  the  first  push)  . 
be  about  to  move  forward  again  without  external  aid  ;  but  exactly 
at  this  instant  would  come  push  second,  and  adding  to  the  acquired 
impulse,  would  make  it  go  forward  twice  as  much  as  at  first,  so 
that  it  would  come  back  again  twice  as  far,  and  so  be  ready  at  the 
end  of  the  second  three  seconds  to  start  forward  with  a  double  im- 
pulse; but  at  this  auspicious  moment  would  come  the  third  push 
to  add  to  this  motion,  and  so  on.  Thus,  a  series  of  impulses,  each 
alone  too  small  to  produce  a  sensible  effect,  would  thus,  properly 
timed,  aid  e^h  other  and  accumulate  motion,  as  it  were,  in  the 
vibrating  body. 

I  assume  that  my  readers  are  aware  of  the  fact,  first  observed  by 
Galileo  in  watching  a  hanging  lamp  in  church,  that  within  m9de- 
rate  limits,  a  pendulum  of  a  fixed  length  vibrates  in  the  same  time 
whether  it  moves  through  a  great  arc  or  a  small  one.  When  it 
goes  far  it  goes  fast;  when  a  short  distance,  slow, — just  so  as  to 
keep  the  time  of  the  swing  or  beat  constant. 

Bat  let  us  suppose  that  the  pushes  to  the  swing  were  given  every 
two  seconds ;  then  tHe  second  push  would  meet  the  swing  just  as 
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it  was  one-third  way  back  on  its  return  motioD,  and  Dearly  the  en- 
tire force  of  this  second  push  would  be  then  expended  in  checking 
the  return  motion,  and  the  swing  would  almost  come  to  rest.  The 
third  push  would  then  start  it  again,  but  only  to  be  stopped  by  tbe 
fourth,  and  so  on.  It  is  clear  that  the  discord,  the  want  of  equal 
timing  in  the  vibrating  body  and  the  source  of  motion,  will  prevent 
a  transfer  of  this  motion  from  one  to  the  other.  This  may  be  de- 
monstrated in  various  ways.  Let  a  tuning-fork  be  set  upright  in  a 
stand  on  a  table.  Then  sound  another  which  is  in  exact  accord  and 
bring  it  near  the  first  for  a  moment.  On  removing  the  second  fork, 
we  will  find  that  the  first  is  singing.  The  sonorous  waves  in  the 
air,  developed  by  the  second  fork,  struck  the  other  just  at  the  right 
time  after  one  another.  But  if  the  same  experiment  is  tried  with 
forks  differing  ever  so  little  in  pitch,  no  motion  will  be  communi- 
cated. Exactly  so  is  it  with  the  vibrations  of  light.  If  a  ray,  con- 
taining all  rates,  falls  upon  a  body  capable  of  vibrating  but  at  one 
rate,  the  vibrations  of  that  rate  are  transferred  to  the  body  as  above 
described,  while  the  others  travel  on  unaffected. 

Fig.  4. 


It  will  thus  be  seen  that  the  property  of  "  elective  absorption  " 
is  not  only  capable  of  explanation,  but  is  even  a  natural  deduction 
and  consequence  of  the  undulatory  theory  of  light. 

Bunsen  and  Kirchhoff  were  the  first,  however,  to  discover  this 
fact,  and  by  a  careful  series  of  experiments,  not  only  to  establish  ite 
universal  truth,  but  also  to  apply  it  to  the  most  wonderful  investi- 
gations. Thus,  by  a  comparison  of  the  black  lines  found  in  the 
solar  spectrum,  with  the  bright  ones  developed  by  various  elements, 
they  showed  that  our  luminary  contained  in  his  atmosphere,  hydro- 
gen, sodium,  iron,  magnesium,  calcium,  copper,  cobalt,  barium, 
nickel,  and  that,  on  the  other  hand,  mercury,  lithium,  copper,  silver, 
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zinc,  tin,  lead,  antimony,  alluminam,  cadmium,  etc.,  were  absent. 
Thus  accomplishing  the  incredible  feat  of  analyzing  a  body  which 
was  more  than  ninety  millions  of  miles  aw^ay,  and  which  it  would 
take  us  about  three  years  to  reach,  if  we  could  travel  towards  it  at 
the  rate  with  which  a  cannon-ball  leaves  the  mouth  of  a  cannon. 

Fig.  4  represents  a  small  part  (about  one-twelfth)  of  the  chart  of 
the  solar  spectrum  prepared  by  Kirchhoff.  The  central  band  shows 
the  lines  observed  in  the  solar  spectrum.  The  diversions  above 
are  those  of  an  arbitrary  scale  employed  by  this  observer.  The 
letter  F  indicates  a  very  strong  band  in  the  greenish-blue  of  the 
spectrum,  before  observed  and  so  named  by  Fraunhofer,  and  corre- 
sponding with  one  of  the  bright  lines  produced  by  hydrogen.  The 
light  lines  on  a  black  ground  below,  indicate  the  positions  of  bright 
bands  produced  by  various  elements  in  which  the  coincidence  of 
some  and  want  of  coincidence  in  others  with  the  lines  of  the  spec- 
trum above,  are  evident  on  inspection.  The  chemical  symbols  of 
the  elements  are  used  to  indicate  them.  Thus  Fe  stands  for  iron, 
Ni.  for  nickel,  Co.  for  cobalt,  Ca.  for  calcium,  Zn.  for  zinc,  and  Ba. 

for  barium. 

(To  be  continued.) 


SPECTROSCOPIC  NOTES. 

By  Prof.  C.  A.  Young,  of  Dartmouth  College. 

In  observing  the  spectrum  of  the  chromosphere,  I  find  two  bright 
lines,  not  heretofore  observed  so  far  as  I  know.  The  first  corres- 
ponds exactly  to  a  small  dark  line,  1474  of  KirchhofTs  scale  near 
E,  given  both  by  him  and  Angstrom,  as  an  iron  line.  It  is  diffi- 
cult to  see,  and  is  not  noticeable  in  the  spectrum  of  the  protube- 
rances, but  only  in  that  part  of  the  chromosphere  close  to  the  body 
of  the  sun.  It  is  best  seen  by  using  power  enough  on  the  teles- 
cope to  get  an  image  of  the  sun  about  six  inches  in  diameter,  and 
placing  the  edge  of  the  disc  just  tangent  to  the  slit  of  the  spectro- 
scope collimator.     It  was  first  recognized  July  8. 

The  other  line  is  at  (or  very  near)  664  of  Kirchhoft*'s  scale,  between 
B  and  c.  I  have  seen  it  only  twice,  both  times  in  the  spectrum  of 
a  protuberance.  The  first  time  (June  25),  though  only  seen  a  few 
moments,  it  was  bright  and  distinct.  As  seen  again  to-day,  it  was 
much  fainter,  but  I  think  unmistakable. 

The  instrument  employed  consists  of  a  comet-seeker  of  4  inches 
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e,  and  30  inches  focal  length,  provided  with  a  spectroscope 
ass  prisms  of  45° ;  the  spectroscope  having  an  aperture  of 
aes,  and  17  inches  focal  length.  The  whole  apparatus  is 
jd  equatorially. 

forms  of  the  protuberances  as  seen  by  merely  opening  the 
d  looking  at  them  through  the  c  line  (which  appears  then 
chink  through  which  one  looks  out  upon  sunset  sky),  are 
3autiful  and  fantastic,  closely  analogous  to  the  light  cirrus 
of  a  spring  or  winter  day,  and  varying  nearly  as  fast.  An 
)metimes  almost  wholly  changes  one.  There  are  commonly 
five  of  them  on  the  edge  of  the  sun's  disc  at  once.  Usually, 
omosphere  is  found  all  around  the  sun  with  an  average  depth  of 
)  to  30  seconds.  To-day  (July  19),  a  place  was  observed  where 
omosphere  was  hardly  perceptible ;  it  was  not  more  than  5 
5  deep,  and  very  faint  at  that.  Its  position  was  on  the  south-east 
■  the  disc,  128°  from  the  north  point,  very  near  a  spot  of 
Table  size,  which  had  only  advanced  a  few  minutes  of  arc 
be  limb.  May  not  this  deficiency  in  the  chromosphere  indi- 
e  precise  position  of  a  spot  just  coming  round  the  limb? 
outh  College,  July  19,  1869. 


lAMPHORIC  ACID  AND  SOME  OF  ITS  COMBINATIONS. 

By  Robeht  Fairthorne,  Esq. 

having  been  able  to  find  any  full  description  either  of  cam- 
acid  or  its  salts,  I  thought  that  perhaps  others  might  have 
Lth  a  similar  disappointment  and  that  the  following  com- 
ition  would  not  be  out  of  place  in  this  Journal, 
epeated  distillation  of  camphor  with  nitric  acid,  that  hydro- 
is  converted  into  camphoric  acid  by  absorption  of  six  equi- 
of  oxygen,  two  of  which  appear  to  unite  with  two  atoms  of 
en,  diflFering  therefore  from  camphor,  not  only  by  the  addi- 
the  oxygen,  but  by  two  equivalents  of  the  hydrogen  being 
ted.  The  composition  of  camphor  being  Cgo  Hj^  Og,  that  of 
)ric  acid  is  G^  11,^  Og  -f  2  H  0. 

combinations  of  this  acid  with  the  alkaline  or  metallic  oxides 
uliar,  and  possess  considerable  beauty  of  form.  I  shall  strive, 
3r,  to  describe  the  appearance  of  the  acid  first. 
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The  crystals  from  the  nitric  acid  solution  generally  arrange  them- 
selves in  shining,  white,  transparent  tufts,  having  a  hemispheroidal 
shape,  the  flat  surfaces  of  which  float  on  the  top  of  the  nitric  acid 
solution,  whilst  prismatic  crystals  radiate  downwards  from  central 
points  in  the  disks. 

A  still  stranger  form  of  crystallization  is  sometimes  produced 
from  its  solution  in  the  same  acid,  for  which  I  have  been  at  a  loss 
to  account. 

It  takes  the  form  of  minute  opaque,  white,  leaf- like  crystals,  have 
a  close  resemblance  to  elaborately  carved  ivory,  each  crystal  being 
about  the  eighth  of  an  inch  long  and  about  the  twenty-fourth  of  an 
inch  wide  across  the  centre,  and  of  an  ovate  form. 

From  its  alcoholic  solution  it  solidifies  in  stellular  transparent 
crystals. 

As  obtained  from  its  ethereal  solution  it  is  found  not  only  as  just 
described,  but  in  long  prisms  also,  having  terminations  which  have 
somewhat  of  a  feathery  appearance. 

It  dissolves  freely  in  alcohol  and  ether  but  is  insoluble  in  ben- 
zine and  chloroform.  It  is  soluble  to  a  moderate  extent  in  water 
above  150®  F.,  and  to  a  smaU'extent  in  cold  water.  It  combines 
readily  with  ammonia  and  the  other  alkalies.  The  ammonia  salt 
crystallizes  in  silky  star-like  crystals,  having  a  peculiar  appearance. 

The  aqueous  solution  of  this  salt  reacts  in  the  following  manner 
with  the  articles  hereafter  named.  With  solution  of  the  sesqui- 
oxide  of  iron  a  light  brown  precipitate  with  a  reddish  hue  is  thrown 
down.  It  might  almost  be  described  as  of  a  flesh  color.  The  same 
result  follows  when  mixed  with  the  solution  of  the  sesquisulphate. 
When  added  to  the  solutions  of  the  proto-salts  of  iron  no  precipi- 
tation occurs. 

Mixed  with  the  solutions  of  the  sulphate  of  copper,  a  bright  green 
precipitate  is  thrown  down.  Even  with  a  solution  containing  so 
small  a  quantity  of  the  sulphate  as  one  grain  in  the  pint,  a  decidedly 
marked  color  is  produced,  after  allowing  the  mixture  to  stand  for 
a  few  minutes.  This  color  is  so  peculiar  that  I  would  propose  it 
as  a  test  for  copper. 

With  solutions  of  salts  of  lead  a  dense  white  precipitate  is  formed. 
With  solutions  of  salts  of  mercury  a  similar  precipitate  is  formed, 
and  with  the  following  solutions  no  precipitation  is  apparent,  namely, 
with  that  of  sulphate  of  zinc,  of  sulphate  of  morphia,  of  sulphate  of 
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quinine,  of  sulphate  of  cinchonia,  of  sulphate  of  magnesia.  Neither 
is  any  produced  with  lime  water. 

It  appears  curious  that  the  transparency  of  solution  of  nitrate  of 
silver  is  not  disturbed  by  the  addition  of  the  camphoric  acid  or  of 
the  camphorate,  as  most  acids  of  a  vegetable  origin  produce  dense 
precipitates  with  that  salt. 

Philadelphia,  July  9,  1869. 


New  Oxygen  Process. — Oxygen  procured  cheaply  and  easily, 
is,  as  we  have  often  said,  a  very  desirable  thing.  The  numerous 
applications  that  could  be  made  of  it  are  so  evident  that  we  need 
not  stop  to  mention  them,  but  we  lay  before  our  readers  yet  another 
plan,  and  this  time  an  ingenious  one,  for  obtaining  it.  The  mineral 
sources  of  oxygen  being  comparatively  expensive.  MM.  Montmag- 
non  and  Delaire  have  betaken  themselves  to  that  cheap  reservoir, 
our  atmosphere,  and  have  further  availed  themselves  of  the  discri- 
minative action  of  wood  charcoal  and  water,  or  certain  saline  solu- 
tions. We  give  here,  it  must  be  understood,  the  figures  of  the 
authors  named,  without  checking  them  by  a  reference  to  the  figures 
of  Dr.  Angus  Smith,  who  has  made  most  careful  experiments  on  the 
absorptive  action  of  charcoal.  According,  then,  to  our  authors, 
100  litres  of  fresh  wood  charcoal  will,  when  exposed  to  atmospheric 
air,  occlude  925  litres  of  oxygen,  but  only  705  litres  of  nitrogen. 
Now,  it  would  appear  that  when  the  charcoal  so  saturated  with  gas 
is  thoroughly  saturated  with  water,  there  will  be  expelled  650  litres 
of  nitrogen,  but  only  350  litres  of  oxygen.  Thus  we  have  now  left 
in  the  pores  of  the  charcoal  575  litres  of  oxygen,  and  only  45  litres 
of  nitrogen,  that  is,  oxygen  practically  pure  for  industrial  purposes. 
To  extract  the  gases,  the  authors  employ  a  pump,  and  they  tell  us 
that  if  again  exposed  to  charcoal,  the  oxygen  will  be  obtained  almost 
pure.  There  can  be  no  doubt  of  it.  They  give  no  account  of  the 
cost  of  oxygen ;  but  it  is  clear  that  it  will  be  represented  chiefly  by 
the  cost  of  the  machinery  and  cost  of  working  it. — Mec.  Mag. 

Athenian  Bailroad,  between  Athens  and  the  Feirseens  is 
nearly  completed,  and  will  probably  be  opened  for  traffic  early  in 
the  present  month. 
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A  Dictionary  of  the  Solubilities  of  Chemical  Sub- 

stances.  By  Prof.  F.  H.  STORER,  of  the  Massachusetts  Institute 
of  Techuology.  1  vol.  in  3  parts,  8  vo.,  paper  covers,  per  part,  $2.00. 
Whole  work,  cloth,  $t.50. 

The  work  is  exceedingly  valuable  to  practical,  as  well  as  to  theoretical  chemists, 
and  the  apothecary  and  the  manufacturing  chemist,  will  find  its  pages  stored  with 
information  needed  on  numerous  occasions,  and  which  here  is  presented  to  them 
in  the  most  accesdble  form." 

Cfiemical  Tables.  By  S.  P.  SHARPLES,  S.  B.  12  mo, 
cloth,  $2.25. 

This  collection  of  tables  has  been  prepared  with  great  care  under  the  supervision 
of  Dr.  Wolcott  Gibbs,  of  the  University  at  Cambridge,  and  will  be  found  of  great 
value,  both  to  the  student  and  the  practical  chemist. 

Icones  lHuscorum  ;  or  Figures  and  Descriptions  of  most  of  those 
Mosses  peculiar  to  Eastern  North  America,  which  have  not  been  here- 
tofore figured.  By  WILLIAM  L.  SULLIVANT,  L.  L.  D.  With 
129  copperplates.     Royal  8  vo.     Cloth,  $15.00. 

First  Principles  of  Chemical  Philosophy.  By  Prof. 
J.  P.  COOKE,  Jr.,  of  Harvard  College.     Part  I.,  12  mo.  cloth,  $2.50. 

Crystallography.  By  Prof.  J.  P.  COOKE,  Jr.,  of  Harvard 
College.     8  vo.  limp  cloth,  $1.25. 

Bunsen^S  Flame  Rea^^tions.  A  method  of  Analysis  in  which 
the  Gas  Lamp  is  substituted  for  the  Blow  Pipe.  Translated  by  Prof. 
C.  P.  HIMES,  Ph.  D,    Pamphlet  8  vo.  15  cents. 

Lardner^S  HandSook  of  Optics.  A  new  and  revised  edition. 
12mo.  cloth,  $2.50. 

17*6  ^^Clarendon  Press  Series/^  and  the  Scientific  Publica- 
tions of  Macmillan  &  Co.  and  of  James  Walton,  of  London,  kept  in 
stock.    Catalogues  sent  on  application. 

Any  of  the  above  sent  by  mail,  on  receipt  of  price,  by 

SEVER,  FRANCIS  &  CO., 
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AGENTS  FOR  TRANSACTING  ALL  BUSINESS  INTHE  U.S.  PATENT  OFFICE 
AND  PROCURING  EUROPEAN  PATENTS. 


OcTAvius  Knight,  having  resigned  the  position  held  by  him  from  1860  to 
1867  as  Superintendent  of  the  Washington  office  of  Munn  &  Go's  Scientific 
American  Patent  Agency,  offers  his  personal  services  to  all  who  intend  to  a.pply 
for  Letters  Patent,  or  who  have  rejected  applications  or  other  business  before 
the  Patent-Office. 

His  ability  to  act  with  despatch  and  success  is  evinced  by  his  havin|^  con- 
ducted a  large  proportion  of  all  applications  for  Patents  granted  in  the  above 
years. 

Special  attention  given  to  the  prosecution  of  Rejected  or  Interfering  appli- 
cations, Reissuing  Defective  Patents,  Extension  of  Patents  and  securing 
patents  in  all  the  important  countries  of  Europe. 

Having  complete  and  efficient  arrangements  for  securing  Patents  io 
all  the  important  countries  of  Europe,  we  are  enabled  to  prosecute  this 
branch  of  the  business  in  a  superior  manner,  and  on  advantageous  terms. 
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Moo.  II.  Stanberbt,  Attorney  General  U.  S.  IIoiUTio  Allen.  Esq.,  Novelty  Iron  Works,  S.  Y- 

Uon.  B  ¥.  Wade  United  States  Senate.  F.  S.  Pease,  Bsq^  Buflalo.  N.  Y. 

Hon.  S.  C.  PoMBEOT,  United  States  Senate.  Geo.  I.  Washburx,  E»q^  Worcester,  Mass. 

Hon.  J.  II.  B.  Latrobe,  Baltimore,  Maryland.  Jambs  B.  Eads,  Esq.,  St.  Loais,  Missouri. 

Address:  KNIGHT  BROTHERS,  IVasblngtoiE,  D.  C. 

Trautvs^ine's  Engineering  Works. 


New  Editions  of  FIELD  PRACTICE  FOR  LAYING  OUT 
CURVES  FOR  RAILROADS,  also  NEW  SYSTEM  OF  CAL- 
CULATING CONTENTS  OF  EXCAVATIONS  AND  EMBANK- 
MENTS BY  MEANS  OF  DIAGRAMS. 

By  J.  C.  TRAUTWINE,  Civ.  Eng. 

The  above  works  have  large  and  important  additions  not  contained 
in  the  former  editions.  In  the  latter  work  will  be  found  rules  for 
calculating  Earth  and  Bock  excavations,  with  ready  calculated  tables 
of  the  same.  Price  of  each  book,  $3.00. 
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This  Governor  is  now  in  use  on  hundreds  of  Engines,  and 
tht  principle  of  its  construction  is  such  that  we  can  warrant 
them  successful  operation,  even  where  the  best  adjusted  BALL 
GOVERNORS  may  have  feiled. 

In  asserting  the  above  we  are  upheld  by  the  best  mechan- 
ical talent  in  the  country. 

R.  K,  Hun  toon,  ^ 

J.  Augustus  Lynch,      >  Proprietors, 
and  others,   3 


103  State  Street,  Boston. 


Rtftrtnctt  furniihed  from  Parties  in  every  line  0/ manufacturing  business. 
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Miller  &  Allen, 

MACHINISTS  AND  BOILER  MAKERS, 

eNCSTCR,  PCNIIA. 

MANUFACTURERS  OF 

CORLISS'  STEAM  ENGINES 

AXM, 

Marine,  River  and  Stationary  Steam  Engines, 

AND  MACHINERY  GENERALLY. 

LEWIS  MILLER.  ALONZO  ALLEN. 


^&m 


Long  Span  Ratlwat  Bridges,  Ibok  Roofs,  Fire  Proof  Buildikos,  *nd 
other  important  Engineering  or  Architectural  Works  designed,  and  their  erection 
superintended. 

Office:  426  Walnut  Street,  Philadelphia. 


TBS  S17ST0ni  BSIBOa  0OM74H7, 

Office  and  Works,  gth  Ward,  Pittsburg. 
J.  H.  LINVILLE,  Pros.  426  Walnut  St,  Phila. 


Contractors  and  Builders  of  Iron  and  Wooden  Bridges,  Pivot  Bridges,  Iron 
Roof  Trussos,  Turn-Tables,  Ac.  Have- the  sola  use  of  tha  original  ••Linville  & 
Piper"  Patent  "  Weldless  Cord  Links,"  «« Wronght  Iron  Cylindrical  Posfa,"  and 
**  Compression  Beams  "  now  specified  for  all  important  bridges.       «. 
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E.  S.  EITCHIE  &  SONS, 


MANUFACTURERS  OF 


PHILOSOPHieAL  INSTRUMENTS 

AMD 

Have  just  published  a  new  Illustrated  Catalogue  of  Instruments,  including 

RUchie^s  JPatent  Automatic  Air  JPump, 

Mitchie's  JPatent  Improved  Holtz  Machine^ 
mtchie^s  Improved  Induction  Coil, 

Trof*  I/yman^s  JPatent  Wave  Machine. 

Geissler's  Tubes  in  great  variety  of  form,  of  equal  quality  to  the 
best  imported  tubes,  and  at  a  less  price,  and  also  many  new  instru- 
ments in  all  departments  of  Physics,  particularly  such  as  are  require 
in  illustrating  late  works  of  Tyndall  and  other  Physists. 

Oar  Catalogue  will  be  sent  on  application. 


ROOMS,  No.  149  TREMONT  STREET,  BOSTON 

OPPOSITE  BOSTON  COMMON 
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HARRISON  STEAM  BOILER 


UnoH  PooAK  RimriBT, 
CharlestowD,  MftM^  January  21, 1809. 
Mr  Joseph  HAaixaov,  Jr. 

8ir  :~In  my  laat  oommnntcation  to  you  fn  regard  to  yovr  fix  flfty-horso  powir  •team  boilen,  I  pro- 
mlaed  to  fdve  yon,  at  a  fotare  time»  tb«  azact  amouDt  of  aarlng  In  fbel. 

I  am  pleased  to  be  able  to  do  ao  now,  aa  I  kept  a  Terr  cloae  and  accurate  aoeonnt  of  the  ftiel  used  from 
December,  1867,  to  December.  186&  to  compare  your  boUera  with  the  old  onea,  which  we  took  oat  in  Sep- 
tember. 1887. 

The  amount  of  raw  euvar  wa  refined  dnrlng  that  time  waa  larger  than  eTer  befbre.  The  iteam  preaanre 
waa  alwaya  kept  over  fknj  ponnda,  ami  we  were  therefMra  enabled  to  do  more  work  in  a  ahorter  time  with 
the  iame  machinery  and  apparatoa  than  with  onr  old  ateaa  boUera,  in  which  the  preaanre,  at  times,  cuold 
not  be  kept  np  higher  than  twenty  to  thirty  ponnda. 
The  actual  aaving  In  ftiel,  daring  thla  time,  waa  one  thooaaad  and  aeTenty-ooa  tons  of  ooaL 

Toura  truly, 

GUSTAVUS  JASPER,  Superintendent. 


Woroeater,  Haas.,  February  1, 1860. 
JoaiPB  HAftftiaoH,  Jr. 

Dear  Sir:— After  using  one  of  yoor  thirty-one  horse  power  bollera  sixteen  months.  It  glTea  me  great 


pleasure  to  say  that  it  baa  prored.  In  every  nartloolar,  entirely  aatlsfustonr.  I  haTe  had  many  opportuni- 
tiea  to  recommend  It,  which  I  have  done  wita  pleaaara.  For  economy  In  rael.  It  exceia  all  bollera  In  use. 
I  can  raise  ateam  In  ahorter  time  than  In  any  iMiler  I  have  arer  seen ;  and  would  oheerftilly  recommend  it 


aa  the  cheapest,  safeat,  and  moat  acooomlcal  boiler  arer  In  uaa. 

Toy  reapectfhlly  yours, 

A.  N.  WHEELER. 


Onxci  or  m  Gbaiiiti  Stats  Mills, 

Newport,  N.  H.,  February  1, 1860. 
JoBiPH  Hauuow,  Jr.,  Eaq. 

D^ar  Sir:— Toura  of  January  Otb,  aaking  oar  opinion  of  the  Harrison  Boiler,  la  at  hand.  We  hare 
bad  your  boiler  In  nse  fifteen  months^  aiM  it  glTea  na  perfect  satlsflietion  In  quickness  of  raiaing 
ateam,  and  the  cbeapneae  of  running  it,  aa  compared  with  the  old4«hloned  iKrilera.  Our  boiler  does  not 
yet  leak  a  drop,  and  we  do  not  believe  it  ever  will;  and  laat,  though  not  leaat,  oar  workmen  about  it  do 
not  fral  obliged  to  get  their  Uvea  Insured.  Tours  truly, 

OOFFIX  k  NOURSB. 


CoDOord,  N.  H.,  Febroaiy  8;  1860. 
JoiXPH  HiBsnoir,  Jr.,  Philadelphia,  Fa. 

Dear  Sir  >-Toar  fiivor  of  Jairaary  Otb  cama  duly  to  hand.  The  02^  boras  power  boltor,  which  we 
had  of  yoo  in  October,  haa.  fhtm  the  time  we  commenced  Its  nae,  until  now,  given  peribct  satisfhction,  and 
we  can  aea  no  reaaon  why  It  ahonld  not  continue  to  do  ao.  It  la  the  only  boiler  (and  we  have  had  avarlety  of 
kindsO  that  snitsd  ua  from  the  firat  We  aave  fhel,  are  troubled  with  no  leakage,  and  feel  aaie  in  using 
it    wa  can  only  say  that  it  iKkeeta  mora  than  our  expectations.  Truly  yours. 

ABBOT,  DOWNING  k  CO. 
For  prica-llst  and  illvstrated  drcnlar,  apply  to 


JOSBFB   BARRXSON, 

Grwy's  JFerry  Bood,  PkUadeipMm, 
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The  Brooks  Patent  Parfflne  Insulator, 

WORKS,  22  South  Twenty-first  Street,  r/Madelphia. 


All  Tarieties  of  Insulators  manufactured  at  theso 
Works  are  warranted  to  excel  the  usual  styles  of  Glas£ 
and  Kubber  more  than  one  hundred  fold. 

In  view  of  the  error  and  delay  in  transmission,  waste 
and  consumption  of  battery  material — the  results  of  de- 
fective insulation — ^its  fragile  nature,  and  expense  of 
renewal,  nothing  is  more  manifest  than  its  economy. 

To  railroad  companies  relying  upon  the  efficiency  of 
their  telegraph  departments,  it  is  of  great  value. 


IN  THB 


FRANKLIN  INSTITUTE  JOURNAL. 

Which,  having  a  very  general  circulation  among  those  interested  in 
mechanical  processes,  is  a  valuable  advertising  medium  to  those  en- 
gaged in  such  business.  ' 


ONE  TEAB.  SIX  MONTHS.         THEEE  MOVTHB. 

Onepage $30 $16 $9. 

Half  pane IQ 9 7. 

Qwarter  page 9 7 .^. 

JOHN   L.   KKOWLTOK, 

(  8ueeeB9or  to  J",  W.  LYNN  Jt  CO,,) 

Hillwrifbts  and  Hacliiitists, 

JREEJD  STREET   WHARF,   JPHILADELPHIA. 


Manufacturer  of  Steam  Engines  and  Boilers.  Also  all  kinds  of  Saw  Mill,  Plan- 
ing Kill,  and  Flour  Mill  Machinery.  Sole  Manufacturer  of  Knowlton's  Patent 
Bevel  Saw,  for  Sawing  Ship  Timbers  ;  also,  Knowlton's  Circular  Saw,  for  Sawing 
Ship  Plank  to  the  curve  and  Bevel,  and  Knowlton's  Patent  Machine  for  Turning 
and  Grinding:  Shot,  Shell,  Valve  Balls,  Ten  Pin  and  Billiard  Balls.  Manufacturer 
of  T.  H.  Cushine's  Patent  Saw  and  Planing  Machine,  for  Working  Bridge  Arches 
and  Curved  Timbers.    j|9*Particular  attention  paid  to  Bepairing. 
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FOR  ALl* 

Laboratory  and  Manufacturing  Purposes. 
Platinum   Scrap  and  Ore  purchased. 

B.  M.  RATNOR 

Office,  S7  B<md  St.,  New  York 

PEOORA.  PA.IN'T  CO., 

150  North  Fourth  Street,  Philadelphia. 


This  Company  are  the  only 
Manufacturers  of  this  Paint. 
It  is  a  remarkably  beautiful 
color — is  adapted  to  Machin- 
ists^ and  Eailroad  Companies 
use— giving  a  finish  to  tools 
and  machinery  superior  to 
anything  yet  introduced. 

REFER  TO 


[Extract  tnm  Terttmonlal  fhmi  KESBIGX 
8058'  Soathwark  Fonad^,  PhiJadeJp]iiii.J 
"Mr.  S.  BoWEN, 

Sec.  Peeora  Lead  Ch: 
Ydup  METALLIC  OifiMBNT  is  be 
ter  than  red  or  white  lead  for  makii 
STEAM  JOINTS  or  patching.  H 
rivets  do  not  affect  the  Cement;  we  a 
it  in  jointo  of  light  tonka,  in  the  pla 
of  caalking,  and  they  do  not  1^^  ^ 
oBe  it  also  on  gas-hoIJer*. 

"J.  J.  GBKENKSLD, 
^^Ihremtmqf  Boiler  Deparimmii 


K.  D.  O.  SMITH, 

SOLICITOR  OF 

AMERICAN  AND  FOREIGN  PATENTS 


4;OX    SSrVEUOTTSC   f 

Directly  opposite  Eastern  Entrance  to  the  Patent  Offio^ 


Basiness  of  any  description  relating  to  Patents  will  receiye  prompt  an 
tboroagh  attention.    All  letters  of  enquiry,  enclosing  stomp,  answered  withoi 
charge. 
References  in  any  part  of  the  country  furnished  when  desired. 
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I  JUSTICE^S 

r  WATER 


mOTUXED  BT 

S.  JUSTICE 

Bt.9  PMlladelplUa. 
Bt*9  New  Twlu 


Dieot  and  tlmple  initni- 
A  the  bdief  that  it  will, 
I,  do  awaj  with  the  ob- 
le  manj  oomplioated  and 
emeote  for  a  limilar  end, 
x>. 

the  general  arrangement 
owl  aperture  of  the  oock 
Min. 

being  affeoted  to  as  to 
i  of  lesa  than  180,  re- 
maine,  whilst  hard,  as 
a  permanent  barrier  to 
the  water,  which  is 
alwajs  cold  at  oock,  k; 
bal  when,  bj  reason  of 
the  water  line,  (,  falling 
to  an  unsafe  point,  steam 
takes  the  plaoe  of  the 
water  in  the  tube,  the 
resin  melts,  it  is  almost 
immediately  blown  out 
from  the  bowl  aperture 
of  the  eock,  and  the 
whistle  gives  notice  of 
the  danger  from  low 
waUr  m  tJU  6otZ«-. 
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STEPHEN  USTICK, 

PATENT  ATTORNEY", 

Ofllce,  108  S.  Fourth  Street,  Philadelphia. 


AM  business  relating  to  procuring 

Including 

Appeals,  Bejected  Applications,  Interference  Cases, 
Be-issues  and  Extensions, 

EXECUTED  WITH  CARE  AND  DISPATCH.  \ 


19*  The  Patent  Office,  at  Washington,  visited  frequently. 

CIRARD  TUBE  WORKS. 

JOHN  H.  MURPHY  &  BROS. 

WORKS,  TWENT7-THIRD  and  FILBBRT  STREETS. 

Offloa  and  Warahonae,  No.  42  N.  Fifth  Stroot, 

PHILADELPHIA. 

iMLAjrcnPAcrrxTiixiRs  of 

ffimiiiiT  iioi  m  nS;  m  m  mam 

With  Malleable  and  Cast  Iron  Fittings  to  suit  the  same,  for  Steam,  Gas,  Water 
and  other  purposes ;  Gas  and  Steam-Fitters'  Tools,  Brass  Work,  &c.    Agents  of  the 

**aUNPOWDER  COPPER  WORKS," 

Braziers'  and  Sheathing  Sheets  on  hand.    Pattern  Sheets  rolled  to  order. 


GimmmmiAMB  msms^  wo&ss. 


Tnr>M.\S  HART.  WILUAIC  R.  BOOL 

HART   &   BUCK, 

MANUTACrUREBS  OF 

WROUOHT  IRON  AND  QALVANIZED  TUBES 

FOR 

GAS,  STEAM,  WATER  OR  OIL. 
JiHallcable  ant)  Cast  Iron  iittings,  Srass  tDork, 

GAS  and  STEAM-FITTERS'  TOOLS,  Se. 
OIBoe  and  "Warm^nnn^.  Woa.  7  ft  9  North  Fifth  Street,  PhiladelplUA. 
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924:  Chestnut  Street,  JPMUMlelphia, 

MJjnrFACTURXBB  AKD  IHPORTXBS  OF 

Iratoing  Instaments,  Cransits,  f  ekis, 

lUJiVJEXUlO  OOMPAflSES,  EVOUJUEW  STATZOnBT, 

Spectacles,  Microscopes,  Opera  Glasses,  Spy  Glasses,  Lenses, 


CIECTSTCAL  lACHUES  WITH  PROF.  S.  E.  K0GEK8'  CONDENSERS, 
PHZUOSOPHICAL  ZN8TRXTMSNTB  AND    SCHOOL  APPARATUS 


I9*£ach  of  the  following  partt  of  our  priced  and  illoAtrated  Catalogne  sent  to 
«ny  addreti,  f^ree  of  charge : 
Part  1.— Hathematical  InstmmentB. 

Fart  2. — Optical  InttrumenU. 

Part  8. — Stereoflcopticani  and  Magic  Lantemt. 

Part  4.»Philoeophical  InstramenU. 
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rAIEMOUHT  MAOHIHE  WOEKS-Wood  Street,  above  Twenty-Firat  Street- 
POWEB  LOOM  WOSES-Ooiner  of  Hamilton  and  Twenty-Fint  Streeta. 

PHILADELPHIA,  PA. 


TiaiODVw^^S    'VTGGJD^ 


HANUVACrnRER  OF 

1^ 


Spooling,  Windingi  Beamingi  Dyeing  and  Sizing  Hachines, 
Flans  taken,  and  Pactorieg  fitted  out  complete  with 

SHAFTinrG  AND  GEARUITG^ 

PULLETS,    COtrPLINGS    AND    SELF-OILING   HANGERS 

ADJUSTABLE  or  RIGID  BEARINGS,  always  on  hand. 

MACHINE  and  FOUNDRY  WORK  in 

all  its  branches. 


eESfx>  z'oit  yjisi'  of  x'TTX^XiR'srs,  ao. 


3v\f,iajs. 
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BABCOCK   &   WILCOX'S 


PATE2SrT 


l»ti0Mt:g  &imm-^iiji^m 


These  Engines  are  fitted  with  Flat  Slide  Valves,  having  a  constant 
^ow  under  all  circumstances ;  an 

AVTOHATIC  CUT-OFF, 

operated  through  the  Governor  by  the  direct  action  of  the  steam,  to 
Eoppress  the  steam  at  any  desired  point  in  the  stroke,  and  our 

PARALLEL  ISOCHROML  60YEBN0R, 

I  _ 

rhich  gives  tbe  same  speed  under  all  conditions  of  load  and  pressure  of 
team.    They  are  unequalled  for 

Eeonomy  of  Fuel,  Regularity  of  Speed,  Simplicity  of  Mechanism. 


ma  &  wiicox's  patent  tubulous  boiler 

IS  SUPERIOR  TO  ALL  OTHERS  IX 

Economy,  Efficiency,  Durability  and  Safety, 
BABCOCK,  WILCOX  &  CO., 

44  Cortlandt  St.,  New  York. 


Digitized  by  VjOOQ IC 


SEAMLESS  DKAWN  BBASS  TUBES 


AND 


SEAMLESS  DRAWN  COPPER  TUBES. 


roR 


Locomotive,  Marine  &  Stationary 
BOILERS, 

MANTJFACTUBED  BT  AMERICAN  TUBE  WORKS, 

SOSXOX,   MASS. 


^.^CRRTOBir^^^ 


n^^g^^t^^ 


I  SEAMLESS  DRAWN. 


ALSO, 


HEATER  TUBES, 

worms  for  stills, 
hand-rails;, 
pump  chambers, 
feed  pipes, 
sand  pipes, 


PAPER  ROLLS, 
BILGE  PIPES, 
STEAM  PIPES, 
CONDENSERS, 
PUMP  RAMS, 

PRINTERS'  ROIiLS, 


BRASS  TUBES  FOR  PLUMBING  &  OTHER  PURPOSES, 


Offlte,  103  State  Street,  Boston, 

JOSEPH  H.  COnON,  Treasurer. 

ITew  Tork  Office,  69  Wall  Street, 

W.  H.  BAILEY.  AaenL 
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PAPER  MANUFACTURERS 


AND  AQCNT8  OF  THE 


OmCXS  AND  WAJUEMOUSES: 
Ho.   27    NORTH   SIXTH    STREET,    FHILADELFHIA, 

AND 

No.  128  WILLIAM  STREET,  NEW  TORE. 

I  Have  on  hand  and  make  to  order,  at  short  notice, 

isws  AHB  BOOS  p&nranre  papos. 

AU.  QVAUTOS  AMD  UZBS. 

(fodorus  SM  *^ritmjg  Incurs, 
MA.]SriLLA.      PA.PEJRS. 

IMPORTERS  OF  CHEMICALS  AND  FELTINGS, 

or  ETBRT  DBMBIFTIOK. 

Cash  Market  Prices  Paid  for  all  kinds  of  Paper  StocL 


I 
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FRANKLIN  S.  MILES. 

Ho.    205    Quarry   Street^ 

SCREWS  OF  BRASS,  ffiON,  STEEL  AND  GERMAN  SILVER, 

TEUSS  BUTTONS,  SET  SCREWS  and  CHANGE  WHEEI. 

PINS  and  ROLLERS  for  Sewing  Machines, 

Etc.,  etc.,  etc. 


Ml  SCBBW8  made  to  order  from  Samples  furnished, 

HENBT  F.  M.  BIRKINBINE, 
CIVIL  AND  MECHANICAL  ENGINEER, 

Will  make  ExaminationR,  Surveys,  Plans  and  Estimates  for :  or  superintend  the 
construction  of  Water  Works,  Oas  Works,  Water  Powers,  Machinrrt,  &c. 

Detailed  Drawings  and  Specifications  prepared  for  Reservoirs,  Dams,  Water 
Wheels,  Pumping  Engines,  Gas  Holders,  ioc. 

H.  P.  M.  B.  brings  to  his  aid  an  ezpecience  of  over  twenty-five  years,  and  can 
refer  to  many  important  works  constructed  by  him,  or  under  his  direction. 

OFFICE,  1S2  Sontb  Fourtb  St. 
RBSIDENCE,  3085  Baring  StrMt, 
Pltlladelpbla, 

ELECTKO  MAGNETIC 

Magneto-Electric  Machines, 

AND 

Galvanic  Batteries, 
MANUFACTURED  BY  J.  NEFF, 

622  Cherry  Street,  Philadelphia,  Penna. 
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7fiOYI9a!IGB,  S.  L 


KANTTVACTUBEBS  Of 


REVOLVING  HEAD  SCREW  MACHINES, 

UNIVERSAL  MILLING  MACHINES, 

TAPPING  MACHINES,  PATENT  CUTTERS  for  GEARS,  Ac. 


No.  1  SCREW  MAGHINB. 


This  machine  is  suitable  for  making  from  bar  iron  all  kinds  of  screws  and  studs 
ordinarily  used  in  a  machine  shop.  One  man  with  this  machine  will  produce  as 
msDj  screws  as  from  three  to  five  men  can  make  on  as  many  engine  lathes,  and 
they  will  be  more  nniform  in  size.  Nuts  can  be  drilled,  tapped  and  one  side  faced 
up,  and  many  parts  of  sewing  machines,  cotton  machinery,  gas  and  steam  fittings 
Bide  on  this  machine,  with  a  great  saving  of  time  and  labor. 

Omt  JOustraUd  Brice  lAH  tent  per  fnail  on  applieatkm* 

FBOUFTNESS !  GOOS  WOSE I         BEASONABLE  SATES  I 

HZHTGH  Vir.  BSADLiE^ 

Full  information  In  regard  to  PATENTS  sent  free  to  any  address. 
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AMERICAN  AND  EUROPEAN, 

OF 

-zvo.  57  p^BiT  JBOIF,  jra?ir  rOJBJT. 


For  a  period  of  nearly  twenty-five  years,  Munk  &  Co.  have  occupied  the  posi- 
tion of  leading  Solicitors  of  American  and  European  Patents,  and,  during  this 
extended  experience  of  nearly  a  quarter  of  a  century,  they  have  examined  not 
less  than  fifty  thousand  alleged  new  inventions,  and  have  prosecuted  upwards  of 
thirty  ^thousand  applications  for  patents ;  and,  in  addition  to  this,  they  have  made 
at  the  Patent  Office  over  twenty  thousand  preliminary  examinations  into  the 
novelty  of  inventions,  with  a  careful  report  on  the  same. 

MuNN  &  Co.  deem  it  safe  to  say,  that  nearly  one-third  of  the  whole  number  of 
applications  made  for  patents  during  the  past  fifteen  years  has  passed  through 
their  Agency*  which  is  assisted  by  a  Branch  Office  at  Washington  which  watches 
and  supervises  all  their  cases  as  they  pass  through  official  examination. 

Inventors  who  desire  to  consult  with  us  are  cordially  invited  to  do  so.  We 
shall  be  happy  to  see  them  in  person  at  our  office,  or  to  advise  them  by  letter. 
In  all  cases,  they  may  expect  from  us  an  hanut  opinion.  For  such  consultations' 
opinion  and  advice,  we  make  no  charge.  A  pen-and>ink  sketch,  and  a  description 
of  the  invention  should  be  sent. 

Prxliminart  Examination  is  made  into  the  novelty  of  an  invention  by  per- 
sonal search  at  the  Patent  Office,  which  embraces  all  patented  inventions.  For 
this  special  search  and  report,  a  fee  of  $5  is  charged.  We  adrise  this  special 
search  only  in  very  doubtful  cases. 

To  Apply  por  a  Patent,  a  model  must  be  furnished — not  over  a  foot  in  any 
dimensions.  Send  model  to  Munn  4r  Co.  37  Park  Sow^  New  York,  by  express, 
charges  paid ;  also,  a  description  of  the  improvement,  and  remit  $16  to  cover  iirsl 
Qovemment  fee,  revenue  and  postage  stamps. 

Caveats  Filed ;  Interferences  Managed ;  Extensions  and  Re-Issues  Obtained  ; 
Assignments  Prepared ;  Designs,  Trade-Marks  and  Compositions  Patented. 

Patents  are  obtained  in  all  European  countries. 

For  instructions  concerning  Foreign  Patents,  Re-Issues,  Interferences,  Hints 
on  Selling  Patents,  Rules  and  Proceedings  at  the  Patent  Office,  the  Patent  Laws, 
Ac,  see  our  Instruction  Book.    Sent  free,  by  mail,  on  application. 

Address  all  communications  to 

MUNN  &  CO., 
JVb.  37  JPark  Bow,  New  York  City. 

Office  in  Washington,  corner  of  F  and  Seventh  Streets. 
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ITEMS  AND  NOVELTIES. 

The  Oiffard  Injector. — We  were  lately  much  interested  in  wit- 
nessing a  very  unusual  performance  by  a  GiflFard  injector  of  the 
self-regulating  form  devised  by  Mr.  Wm.  Sellers,  and  shown  in  the 
accompanying  cut. 

During  the  late  water 
famine,  from  which  our 
city  has  been  suflFering, 
attention  has  of  course 
been  drawn  on  all  sides  to 
any  independent  source 
of  supply  which  could 
be  rendered  available. 

Thus  the  Messrs.  Sellers  finding  that  in  the  basement  of  the  new 
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jcting  on  the  other  side  of  Hamilton 
istant  spring,  determined  to  place  an 
it,  and  supply  their  boilers  from  that 
jen  the  boilers  and  injector  is  a  little 
e  supposed  that  such  a  distance  as  this 
itical  difficulties  in  the  working  of  the 
has  not  proved  to  be  the  case.  Owing 
jr,  no  adjustment  is  required  at  the  in- 
»e  the  variations  in  the  steam  pressure, 
f  employed,  the  only  loss  involved  in 
be  that  due  to  radiation  of  heat,  which, 
lanent  one,  it  would  of  course  be  easy 
3n-conducting  material  on  the  connect- 
rn  flow  to  the  boiler  is  obstructed,  a 
)duced  in  the  injector  from  one  of  60 

is  hammer  is  peculiarly  adapted  for 
in  which  operation  a  rapid  succession 
I,  with  only  a  gradual  alteration  in  the 
es. 

It  therefore  becomes  possible  to 
dispense  with  the  complication  of 
separate  valves,  and  thus  remove 
much  of  the  risk  of  derangement 
and  source  of  wear. 

In  this  instrument  the  ram  con- 
tains openings  which  are  brought  by 
its  own  motion  into  communication 
with  passages  for  the  inlet  and  escape 
of  steam,  and  thus  cause  its  motion 
to  be  automatically  reversed.    The 
only  valve  in  the  hammer  is  the 
throttle  valve  governed  by  a  treddle, 
and  by  the  adjustment  of  its  open- 
ing both  the  rapidity  and  force  of  the 
blows  is  at  the  same  time  regulated, 
►ws  in  a  minute  may  be  readily  struck, 
solidity  of  all  parts,  there  is  the  least 
lent. 
STork  Belting  and  Packing  Company 
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have  lately  had  on  exhibition  at  their  store,  New  York,  an  india- 
rubber  belt  4  ft.  wide,  320  ft.  long,  and  weighing  no  less  than  3,600 
pounds.  It  is  intended  for  the  main  driving  belt  of  the  largest 
grain  elevator  in  Chicago. 

Hammering  Iron  until  it  is  Bed-hot. — In  his  lectures  on 
"  Heat,''  delivered  recently  at  the  London  Institution,  Mr.  G.  F. 
Rodwell  alluded  to  a  singular  case  of  motion  transformed  into  heat, 
namely,  the  rendering  of  iron  red-hot  by  repeated  strokes  of  the 
hammer.  If  Mr.  Rodwell,  who  is  so  well  versed  in  the  history  of 
science,  will  turn  once  more  to  the  works  of  Robert  Boyle,  he  will 
see  that  this  "  father  of  chemistry  "  had  notions  of  the  transforma- 
tion of  mechanical  movement  into  heat  very  nearly  akin  to,  if  not 
quite  identical  with,  those  professed  at  the  present  day.  Robert 
Boyle  alluded  to  the  rapid  development  of  heat  in  an  iron  nail  by 
repeated  blows  of  the  hammer  after  it  has  ceased  to  travel  into  the 
wood.  It  has  been  asked  whether  iron  could  be  hammered  cold 
until  it  became  red-hot.  Mr.  Rodwell  informs  us  that  it  can. 
Having  requested  a  blacksmith  to  try  the  experiment,  a  piece  of 
very  tough  iron  was  hammered  with  a  moderately  heavy  hammer; 
it  became  hot,  but  would  not  scorch  a  piece  of  paper.  It  was  then 
hammered  by  two  men,  one  of  whom  used  a  sledge  hammer,  but 
with  no  better  result.  Presently,  a  man  who  was  working  in  the 
shop  said  he  had  often  lit  his  forge-fire  by  this  means,  before 
matches  were  plentiful.  He  took  a  nail,  such  as  is  used  for  horse- 
shoes, and,  after  hammering  for  less  than  two  minutes  with  a  light 
hammer,  part  of  the  nail  was  brought  to  a  bright  red  heat.  The 
blows  were  light  but  frequent,  and  the  nail  was  partly  turned  at 
each  blow. — Scientific  Review. 

The  East  Eiver  Bridge,  XT.  S.  A.— The  plan  of  the  East  River 
bridge,  as  proposed  by  Mr.  Roebliug,  has  met  with  the  approval  of 
the  Board  of  U.  S.  Engineers,  appointed  to  examine  it,  and  of  the 
Government,  and  has  been  fully  adopted  by  the  Board  of  Consult- 
ing Engineers,  consisting  of  Horatio  Allen,  William  J.  McAlpine, 
J.  J.  Serrell,  Benjamin  H.  Lathrop,  James  P.  Kirkwood,  and  J. 
Button  Steele,  who  have  made  to  the  directors  of  the  Bridge  Com* 
pany  their  final  report,  of  which  the  following  is  the  substance: — 
The  plans,  including  foundations,  towers,  and  superstructure  have 
been  laid  before  the  Board  by  Mr.  Roebling  at  various  times  between 
February  16  and  April  26,  and  from  him  they  have  received  the 
fullest  information  touching  all  the  details*    Having  completed  the 
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5f>  examination  of  tLe  plans  and  the  investigation  of  the  combinations 

|V  and  proportions  proposed,  the  Board  deemed  it  an  appropriate 

I'  part  of  their  duty  to  examine  the  structures  of  the  same  general 

;i  character  erected  by  Mr.  Eoebling  across  the  Monongahela  and 

':i  Allegheny,  at  Pittsburgh,  in  1846  and  1860 ;  across  the  Niagara 

•>  Falls  in  1850,  and  across  the  Ohio,  at  Cincinnati,  in  1860.     They 

have  thus  had  an  opportunity  of  learning  the  successive  steps  in 
bridge  building,  which,  beginning  with  a  span  of  822  in  1854,  and 
one  of  1,057  feet,  in  1867,  all  standing  this  day — a  practical  demon- 
stration of  the  soundness  of  the  principles  and  proportions  on  which 
i>  these  structures  have  been  erected,  and  rendering  unnecessary,  at 

?^  least  for  spans  of  1,000  feet,  any  other  demonstration,  and  afford- 

'/  ing  the  best  source  of  information  as  to  the  practicability  of  taking 

;  another  step  in  a  span  of  1,600  feet*     The  bridge  proposed  by  Mr. 

Eoebling,  a  steel  wire  cable  suspension  bridge,  1,600.  feet  between 
the  towers,  135  feet  above  the  water,  will  be,  in  the  opinion  of  the 
board,  a  durable  structure  of  a  strength  suflBcient  to  withstand  six 
times  the  strain  to  which  it  can  under  any  circumstances  be  sub- 
jected, that  it  will  bear  the  action  of  the  greatest  storm  of  which 
we  have  any  knowledge,  and  that  the  method  of  joining  the  parts 
cannot  be  surpassed  for  simplicity  and  security  in  the  result. 

Gas  Blasting.— The  ''Advertiser''  and  "  Times,''  Oswego,  N.  Y., 
says,  "We  saw  a  novel  experiment  involving  the  explosive  power 
of  gas.  In  the  new  tank  excavation,  now  in  a  forward  state,  at  the 
gas  works  in  this  city,  an  old  well  had  been  pumped  out  and  then 
filled  up,  after  leaving  an  aperture  beneath.  Into  this  space  a 
limited  quantity  of  gas  was  introduced  from  the  gas  pipe,  sufficient 
to  form  an  explosive  compound  with  the  air  in  the  covered  well. 
A  match  trigger  touched  off  the  mine,  when  a  general  upheaviDg 
of  the  surrounding  earth  took  place,  loosening  up  the  soil  and 
making  easier  digging." 

A  Rapid  Change  of  Gauge.— In  Missouri  last  month  the  Mis- 
souri Pacific  Eailway,  a  road  nearly  200  miles  long,  changed  its 
line  from  the  broad  to  the  narrow  gauge.  Nearly  1400  men  were 
engaged  in  the  work,  and  they  labored  with  suoh  celerity  that  the 
task  was  accomplished  in  twelve  hours,  and  without  interrupting 
the  business  of  the  road. 

Explosion  of  Nitro-Glycerine  at  Cwymglo,  at  the  foot  of 
Snowdon.  From  various  reports  which  have  reached  us,  we  gather 
that  on  Tuesday,  a  vessel,  laden  with  nitro-glycerine,  arrived  at 
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Carnarvon  Bar,  the  cargo  being  conveyed  in  boats  to  Carnarvon 
Pier.  Next  day,  five  cart  loads  were  dispatched,  two  for  Assheton 
Smith's  Llanberis  Quarries,  and  three  for  Lord  Penrhyn's  Bethesda 
Quarries.  When  the  former  two  were  near  Cwymglo,  the  nitro- 
glycerine exploded,  blowing  the  horses  and  three  men  to  atoms. 
The  village,  which  is  nearly  a  quarter  of  a  mile  oflF,  was  greatly  in- 
jured, roof  and  windows  blown  ofiT,  and,  at  the  spot  where  the  carts 
were,  two  round  holes  six  feet  deep  and  seven  foet  diameter  were 
made;  the  railway  station,  forty  yards  off,  was  blown  to  pieces. 
The  whole  valley  at  the  foot  of  Snowdon  and  two  large  lakes  suf- 
fered a  severe  shock,  the  damage  done  all  round  the  valley  being 
very  great.  The  shock  was  felt  at  Bangor,  which  is  about  nine 
miles  from  the  scene  of  the  accident.  There  has  been,  of  course, 
hardly  time  for  details  yet,  but  up  to  the  time  of  our  going  to  press 
it  has  been  ascertained  that  four  deaths  had  resulted  from  the  ex- 
plosion, and  that  twelve  persons  were  severely  and  seven  slightly 
injured.  An  investigation  into  the  cause  of  the  explosion  was 
opened  yesterday  and  adjourned.  We  shall  have  more  to  say  on 
this  matter  in  our  next. 

Eclipse  Notes.— Detenmning  ^'  First  Contact ''  with  the 
Spectroscope. — One  of  the  most  beautiful  observations  made 
during  the  late  eclipse  was  that  of  Prof.  C.  A.  Young,  on  the  first 
contact,  by  means  of  the  spectroscope.  Our  readers  are,  no  doubt, 
familiar,  from  former  notices,  (as  on  p.  87  of  Vol.  LVII.),  with  the 
method  developed  by  Lockyer,  of  viewing  solar  prominences  in  the 
spectroscope  without  the  aid  of  an  eclipse.  Prof.  Young,  as  will 
be  seen  from  his  note,  (p.  141  of  our  last  number,)  has  been  giving 
much  attention  to  this  subject,  and  has  fitted  up  a  very  efficient 
instrument  for  the  purpose. 

During  the  eclipse  of  last  month,  he  was  stationed  at  Burlington, 
Iowa,  and  shortly  before  the  first  contact  was  due,  he  found  that 
there  was  a  solar  prominence  located  at  the  spot  Nyhere  first  con- 
tact must  occur.     (See  f  in  cut  on  page  210.) 

lie  therefore  fixed  his  spectroscope  with  the  slit  radial  to  the 
solar  edge  at  this  point,  so'  getting  a  prominence  spectrum  whose 
width  was  determined  by  the  height  of  the  prominence.  Closely 
watching  this,  he  presently  found  that  it  began  to  narrow  steadily, 
and  at  the  instant  that  it  became  a  mere  line  and  disappeared,  he 
recorded  first  contact. 

From  the  first  photograph  showing  contact  made  by  the  Phila- 
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delphia  party  at  the  same  place,  Prof.  A.  M.  Mayer,  who  had  charge 
of  that  division,  calculated  the  time  of  actual  first  contact,  and 
found  that  it  came  within  two-tenths  of  a  second  of  the  record 
made  by  Prof.  Young. 

Spectrum  of  the  Corona. — During  the  totality  of  the  late 
eclipse,  Prof.  Young  gave  special  attention  to  observation  of  the 
corona  with  the  spectroscope. 

He  found,  that  in  place  of  a  subdued  solor  spectrum  which  would 
have  been  anticipated  from  the  reports  of  former  observations,  it 
yielded  a  spectrum  of  bright  lines.  The  most  prominent  of  these 
he  was  able  to  measure,  and  found  its  position  as  that  indicated  by 
1474  on  Kirchhoff's  chart.  Two  other  fainter  ones  were  noticed, 
but  there  was  no  time  to  measure  them.  Prof  Young  writes  us, 
that  he  finds,  by  graphical  projection,  a  close  correspondence  between 
this  principal  corona  line  and  the  brightest  of  the  aurora  lines  ob- 
served by  Prof.  Winlock,  on  the  15th  of  April,  and  indicated  by 
him  as  occupying  the  position  of  1550  on  Huggins'  chart.  Prof. 
Young  also  considers  that  the  two  fainter  corona  lines  observed, 
but  not  measured  by  him,  correspond  with  aurora  lines  1280  and 
1400  of  Huggins'  chart,  observed  by  Prof.  Winlock,  on  the  occa- 
sion above  noticed. 

From  these  observations.  Prof.  Young  hazards  the  conjecture 
that  the  solar  corona  isj  in  fact  j  a  permanent  aurora. 

The  Corona  not  Polarized. — With  the  above  observations  and 
deductions  made  by  Professor  Young,  agree  exactly  those  which 
were  made  at  Mount  Pleasant,  Iowa,  by  Professor  E.  C.  Pickering, 
who  with  a  spectroscope  observed  no  dark  lines  in  the  general  light 
from  the  total  phase,  and  with  a  polariscope  arranged  on  the  plan 
used  by  Arago  in  his  study  of  sky — polarization,  found  no  trace  of 
this  condition  in  the  light  from  the  corona.  Professor  Pickering's 
report  in  full  will  appear  in  our  next  number,  and  will  contain 
a  very  ingenious  and  interesting  discussion  of  these  and  other 
observations. 

Solar  Prominences  as  seen  and  as  Photographed,— It  will 
be  remembered  that  in  De  La  Eue's  photographs  in  1860,  several 
prominences  were  conspicuously  depicted  which  were  not  seen  by  - 
any  of  the  observers.  This  no  doubt  results  from  the  great  diflfer- 
ence  in  actinic  force  between  the  light  from  the  corona  and  promi- 
nences, when  compared  with  their  luminous  intensity,  the  corona 
appearing  intensely  bright,  but  being  very  feeble  in  actinic  effect, 
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while  many  of  the  prominences  present  an  inverse  order  of  the 
same  properties.  On  the  occasion  of  the  late  eclipse,  the  same 
thing  was  remarked,  and  when  drawings  and  photographs  come 
to  be  compared,  this  will  be  made  manifest.  We  have  already 
received  some  general  information,  from  which  it  would  appear  that 
at  the  points  marked  B  and  c  on  the  woodcut,  p.  210,  and  shown  on 
the  photographic  illustration  in  corresponding  positions  at  either 
side  of  the  spindle  or  ear  of  corn,  only  two  pyramidal  masses  of 
white  light,  tipped  with  rose  color,  were  seen,  and  that  at  F  appeared 
a  body  having  the  shape  of  a  mushroom,  of  a  delicate  rose  color 
above,  and  white  below. 

Meteoric  Shower  During  the  Eclipse.— On  p.  213  of  this 
number,  will  be  noticed  some  observations  made  by  the  Philadel- 
phia party  at  Ottumwa,  Iowa,  bearing  on  this  subject,  and  from  Pro- 
fessor J.  H.  C.  Coffin,  U.  S.  ]Sr.,  we  have  just  heard  that  Mr.  Chas. 
G.  Bcemer  at  Vevay,  Ind.,  reports  "  several  meteors  were  seen 
(during  the  eclipse),  about  45°  above  the  horizon,  their  path  being 
in  a  westerly  direction."  Professor  Coffin  himself  noticed  the  pas- 
sage across  the  telescope  from  east  to  west,  of  several  bright  flakes 
resembling  thistle  blows  floating  in  the  sunlight,  and  yet  so  well 
defined  that  they  must  have  been  distant. 

Solar  Prominences. — In  a  late  lecture  at  the  Boyal  Institution 
Mr.  Lockyer  said  as  follows : — 

"  Although  I  find  it  generally  best  for  sketching  purposes  to 
have  the  open  slit  in  a  radial  direction,  I  have  lately  placed  it  at 
a  tangent  to  the  limb,  in  order  to  study  the  general  outline  of  the 
chromosphere,  which  in  a  previous  communication  I  stated  to  be 
pretty  uniform,  while  M.  Janssen  has  characterized  it  as  *  a  nireau 
fort  ine  gal  et  tourmente.^  My  opinion  is  now  that  perhaps  the  mean  of 
these  two  descriptions  is,  as  usual,  nearer  the  truth,  unless  the  surface 
changes  its  character  to  a  large  extent  from  time  to  time.  I  find, 
too,  that  in  diflTerent  parts  the  outline  varies :  here  it  is  undulating 
and  billowy ;  there  it  is  ragged  to  a  degree,  flames,  as  it  were,  dart- 
ing out  of  the  general  surface,  and  forming  a  ragged,  fleecy,  inter- 
woven outline,  which  in  places  it  is  nearly  even  for  some  distance, 
and,  like  the  billowy  surface,  becomes  excessively  uneven  in  the 
neighborhood  of  a  prominence.  According  to  my  present  limited 
experience  of  these  exquisitely  beautiful  solar  appendages,  it  is 
generally  possible  to  see  the  whole  of  their  structure ;  but  some- 
times they  are  of  such  dimensions  along  the  line  of  sight  that  they 
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to  be  much  denser  than  usual ;  and  as  there  is  no  longer 
hese  circumstances  any  background  to  the  central  portion, 
e  details  of  the  margins  can  be  observed,  in  addition  to  the 
5  brightnesses.  Moreover,  it  does  not  at  all  follow  that  the 
prominences  are  those  in  which  the  intensest  action,  or  the 
ipid  change,  is  going  on, — the  action  as  visible  to  us  being 
ly  confined  to  the  regions  just  in  or  above  the  chromo- 
the  changes  arising  from  violent  uprush  or  rapid  dissipa- 
e  uprush  and  dissipation  representing  the  birth  and  death  of 
inence.  As  a  rule,  the  attachment  to  the  chromosphere  is 
and  and  is  not  often  single;  higher  up,  the  stems,  so  to 
intertwine,  and  the  prominenc  expands  and  soars  upward 
)  is  lost  in  delicate  filaments,  which  are  carried  away  in 
;  masses. 

ce  last  October,  up  to  the  time  of  trying  the  method  of  using 
m  slit,  I  had  obtained  evidence  of  considerable  changes  in 
minences  from  day  to  day.  With  the  open  slit  it  is  at  once 
that  changes  on  the  small  scale  are  continually  going  on; 
nly  on  the  14th  inst.,  that  I  observed  any  change  at  all  com- 
1  in  magnitude  and  radidity  to  those  already  observed  by  M. 
I.  About  9  hrs.  45  min.  on  that  day,  with  a  tangential  slit 
ved  a  fine  dense  prominence  near  the  sun's  equator,  on  the 
limb.  I  tried  to  sketch  it  with  the  slit  in  this  direction; 
border  was  so  full  of  detail,  and  the  atmospheric  conditions 
:>  unfavorable,  that  I  gave  up  the  attempt  in  despair.  I 
the  instrument  round  90  degrees,  and  narrowed  the  slit,  and 
mtion  was  at  once  taken  by  the  F  line  ;  a  single  look  at  it 
me  that  an  injection  into  the  chromosphere  and  intense 
ivere  taking  place.  At  10  hrs.  50  min.,  when  the  action  was 
ing,  I  opened  the  slit ;  I  saw  at  once  that  the  dense  appear- 
id  all  disappeared,  and  cloud-like  filaments  had  taken  its 
The  first  sketch,  embracing  an  irregular  prominence  with 
perfectly  straight  one,  which  I  call  A,  was  finished  at  11  hrs. 
the  height  of  the  prominence  being  1  min.  5  sec,  or  about 
miles.  I  left  the  observatory  for  a  few  minutes,  and  on  re- 
at  11  hrs.  15  min.,  I  was  astonished  to  find  that  part  of  the 
ence  A  had  entirely  disappeared ;  not  even  the  slightest  rack 
id  in  its  place ;  whether  it  was  entirely  dissipated,  or  whether 
■  it  had  been  wafted  toward  the  other  parts,  I  do  not  know, 
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although  I  think  the  latter  explanation  the  more  probable  one,  as 
the  other  part  had  increased." 

Mr.  Lockyer  threw  a  fine  picture  of  this  storm  in  the  sun  upon 
the  screen. 

On  the  Means  of  entirely  Preventing  Bumping  of  Liquids 
while  Boiling. — M.  E.  Winkelhofer. — The  author  reviews  what 
has  been  done  by  others,  and  especially  by  Dr.  Pellogio,  and  next 
describes,  at  length,  some  experiments  of  his  invention,  embracing 
the  following  fluids : — Methyl-alcohol,  sulphuric  acid,  alcoholic  so- 
lution of  sulphate  of  protoxide  of  iron,  alcoholic  potassa  solution, 
hydrochloric  acid  and  dilute  sulphuric  acid,  containing  some  sul- 
phate of  lead.  His  plan,  to  prevent  bumping,  is  simply  an  electric 
current,  led  into  the  fluids  by  means  of  suitable  conducting  wires ; 
his  contrivances  are  very  ingenious,  but  certainly  too  complicated 
for  general  use. 

'  The  Water  of  the  Orenelle  Artesian  Well.— M.  Stoelet  calls 
attention  to  the  remarkable  fact  that  this  water  does  not  contain  any 
dissolved  oxygen,  but  only  nitrogen,  the  quantity  of  which  amounts 
to  14  c.c.  to  the  litre  of  the  water  at  10°  C.  The  total  saline  resi- 
due to  the  litre  amounts  to  0*142  grm.;  the  percentage  composition 
of  this  saline  matter  is : — Carbonate  of  lime,  40*8 ;  carbonate  of 
magnesia,  11*5;  carbonate  of  potassa,  144;  carbonate  of  protoxide 
of  iron,  2*2;  sulphate  of  soda,  11*3;  hyposulphite  of  soda,  6-4; 
chloride  of  sodium,  6'4;  silica,  7*0.  The  same  author  has  estimated 
the  quantity,  and  determined  the  quality  of  the  gases  contained  in 
rain-water  fallen  and  collected  in  the  neighborhood  of  Paris ;  1  litre 
of  this  water  gave  23  c.c.  of  gas  composed,  in  100  parts,  of  2*4  parts 
of  carbonic  acid ;  the  remainder  was  a  mixture  of  oxygen  and  nitro- 
gen, in  the  proportion  of  82  parts  of  the  former  to  68  of  the  latter. 
M.  Stoelet  has  discovered  that  the  water  brought  up  from  the  coal- 
pits contains  a  greasy  matter,  soluble  in  ether,  and  no  doubt  derived 
from  the  coal ;  from  his  observations  at  and  about  collieries,  he 
draws  the  conclusion  that  this  greasy  or  fatty  matter  makes  the 
water  unsuitable,  and  at  times,  even  dangerous,  for  the  use  of  steam 
boilers,  since  it  may  cause  explosions. 

Climate  of  the  Isthmus  of  Suez,— Eeferring  to  this  subject, 
M.  Le  Verrier  read  an  abstract  of  a  letter  from  Prof.  Buijs-Ballot,  the 
Director  of  the  Eoyal  Netherlands  Meteorological  Institute  at 
Utrecht,  wherein  that  gentleman  states  that  the  draining  of  the 
Harlem  lake,  in  Holland,  a  surface  of  19,000  hectares,  has  had  the 
Vol.  LVIII.— Thibd  Skriks.— -No.  3,— September,  1869.  20 
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)f  increasing  the  average  summer  temperature  of  that  locality, 
jacent  country,  by  J°,  and  of  decreasing  the  average  winter 
rature,  also,  by  J°  C. 

7  Durable  Cement  for  Iron  and  Stone.— M.  Pollack,  of 
jn.  Saxony,  states  that,  for  a  period  of  several  years,  he  has 
ks  a  cement  to  fasten  stone  to  stone,  and  iron  to  iron,  a  paste 
>f  pure  oxide  of  lead,  litharge  and  glycerine  in  concentrated 
This  mixture  hardens  rapidly,  is  insoluble  in  acids  (unless 
concentrated),  and  is  not  affected  by  heat.  M.  Pollack  has 
i  to  fasten  different  portions  of  a  fly-wheel  with  great  success ; 
when  placed  between  stones,  and  once  hardened,  it  is  easier 
ik  the  stone  than  the  joint. 

)rovement  of  Acid  Waters  often  Pumped  up  from 
Pits  and  Mines. — Dr.  Willigk. — The  author  had  an  oppor 
to  analise  a  water  pumped  up  from  a  coal-pit  in  Bohemia, 
rater,  it  appears,  was  very  acid,  from  acid  sulphates  and  some 
Iphuric  acid  present  therein,  consequently  attacking  and  cor- 
the  pumping  gear  and  machinery,  and  seriously  affecting  the 
boiler  wherein  it  had  to  be  used.  No  other  feed- water  being 
\  spot,  the  author  advised,  and  with  good  success,  that  the 
should,  previous  to  use,  be  filtered  over  witherite,  carbonate 
jrta,  which  happened  to  be  abundantly  present  in  that  locality. 
umetrical  Estimation  of  Sulphuric  Acid. — Dr.  A. 
I. — After  reviewing  the  methods  of  R.  Wildenstein  and  Carl 
applied  for  this  purpose,  the  author  describes  his  mode  of 
ing  at  length.  Briefly  stated,  his  method  is  the  following: — 
►lution  to  be  experimented  upon  is  colored  with  litmus,  and 
carefully  neutralised;  a  solution  of  chloride  of  barium  of 
L  strength  is  added  in  excess,  and  all  the  sulphuric  acid  there- 
cipitated.  Next,  a  titrated  solution  of  carbonate  of  soda  is 
in  order  to  precipitate  the  excess  of  baryta ;  and  next,  again, 
:cess  of  soda  solution  used  is  estimated,  volumetrically,  by 
of  a  titrated  dilute  sulphuric  acid.  During  these  operations, 
,  is  formed  which  can  injure  the  color  of  the  litmus.  In  case 
light  be  present  in  the  original  solution,  the  bases  of  which 
be  precipitated  by  carbonate  of  soda,  that  precipitation  is  per- 
l  previous  to  the  addition  of  soda.  The  filtrate,  which  con- 
:he  sulphuric  acid  combined  with  soda,  is  neutralised,  and 
volumetrically  titrated.  The  solutions  required  for  this  ex- 
mt  are : — A  solution  of  chloride  of  barium,  containing  52 
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grms.  to  tlie  litre  of  water ;  a  solution  of  carbonate  of  soda,  contain- 
ing 26*5  grms.  of  this  salt  to  the  litre  of  water ;  a  solution  of  sul- 
phuric acid,  containing  20  grms.  of  strong  sulphuric  acid  to  the  litre 
of  water.  These  solutions  agree  among  each  other,  drop  for  drop. 
The  advantage  claimed  for  this  method  is  the  non-necessity  of  hav- 
ing to  wash  out  the  sulphate  and  carbonate  of  baryta,  and  also  the 
advantage  that  titration  does  not  take  place  in  a  fluid  rendered  tur- 
bid by  therein-suspended  sulphate  of  baryta,  which  always  tends  to 
render  the  observation  of  coloration  of  litmus  more  difficult. 

Testing  Chloroform  for  the  presence  of  Alcohol  and 
Ether. — The  chloroform  should  be  first  treated  with  fused  chloride 
of  calcium,  to  eliminate  any  water,  next  some  iodine  should  be 
added.  If  the  chloroform  is  free  from  either  alcohol  or  ether  the 
color  produced  by  the  solution  of  the  iodine  is  bright  red ;  but  when 
either  alcohol  or  ether  are  present,  the  color  of  the  solution  is  brown. 
In  order  to  distinguish  between  alcohol  and  ether,  a  small  piece  of 
a  crystal  of  fuchsin  is  added  to  the  chloroform  in  question ;  when 
the  slightest  trace  of  alcohol  is  present,  a  deep  red  solution  will 
ensue.  Perfectly  pure  chloroform  yields,  with  fuchsin,  a  solution 
which  is  only  slightly  pinkish  tinged. 

Salt  Deposit  near  Berlin. — M.  Jahn. — It  appears  that  there 
has  been  discovered  near  Berlin,  at  Sperenberg,  a  rock  salt  deposit, 
which  in  some  localities  has  a  thickness  of  669  feet.  The  locality 
where  this  important  discovery  has  been  made  is  within  eight  miles 
of  the  capital  city  of  Prussia,  and,  from  borings  instituted,  it  ap- 
pears in  every  respect,  a  highly  valuable  mineral  deposit. 

Sensitiveness  of  Divers  Methods  for  the  Detection  of 
Arsenic. — M.  Frank. — Marsh's  apparatus  admits  of  detecting 
0-0003  milligramme  AsO^,  dissolved  in  150,000,000  of  its  weight  of 
liquid ;  the  method  of  Von  Babo  and  Fresenuis  admits  of  detecting 
0002  milligramme  ASO3;  Keinsch's  method,  by  means  of  copper, 
detects  0*001  milligramme  AsOj,  in  5,000,000  as  much  liquid; 
Kieckher's  method,  by  means  of  ammoniacal  nitrate  of  silver  solu- 
tion, detects  0*002  milligramme  in  3,000,000  parts  of  liquid. 

Use  of  the  Spectroscope  to  Distinguish  a  Feeble  Light, 
Present  with  a  Stronger  Light.— M.  Seguin.— The  author  de- 
scribes a  scries  of  experiments  with  electric  light,  and  observations 
thereon  with  Duboscq's  vertical  spectroscope.  The  result  and  con- 
clusion arrived  at  is,  that  the  spectroscope  serves  eminently  the 
purpose  of  detecting  (proved  also  by  the  other  observations  made 
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of  the  sun's  light  and  protuberances)  a  more  feeble  light 
with  a  much  stronger,  and  the  former  of  which  would  be 
9  to  the  naked  eye,  or  by  means  of  other  optical  instruments. 
tdium  and  Hydrogen. — M.  Fevre  states  that,  according 
speriments,  the  hydrogen  in  palladium  saturated  therewith, 
Qt  as  a  chemical  compound,  and  not  simply  in  the  state  of 
ed  gas.    The  author  also  states  that  the  vapor  of  boiling 
r  is  as  little  a  conductor  of  electricity  as  hydrogen  and 
jrefore,  the  nonconductibility  of  hydrogen  for  electricity 
DC  regarded  as  an  objection  to  its  being  a  metal. 
ation  of  Heat  from  the  Moon. — The  Earl  of  Rosse  is 
a  series  of  experiments  by  means  of  a  thermo-pile  of  four 
3  and  a  3-foqt  telescope,  to  determine,  if  possible,  what  pro- 
of the  moon's  heat  consists  of:  1.  That  coming  from  the 
of  the  moon,  which  will  not  vary  with  the  phase ;  2.  That 
alls  from  the  sun  on  the  moon's  surface,  and  is  at  once 
[  regularly  and  irregularly ;  3.  That  which  falling  from  tlie 
;he  moon's  surface  is  absorbed,  raises  the  temperature  of 
n's  surface,  and  is  allerwards  radiated  as  heat  of  low  refran- 
The  chief  result  arrived  at  up  to  the  present  moment  is, 
e  radiating  power  of  the  moon  being  taken  as  equal  to 
ck,  and  the  earth's  atmosphere  supposed  not  to  aflfect  the 
t  deviation  of  90°  for  full  moon  appears  to  indicate  an  ele- 
if  temperature  =  500°  Fahr.     The  relative  amount  of  solar 
ar  radiation  was  found  ™  89819  :  1. 
m  of  Sunlight  on  Mineral  Oils. — Some  curious  experi- 
ecently  made  by  Ilerr  Grotowsky,  on  the  action  of  sunlight 
ineral  oils,  show  that  when  the  different  kinds  of  petroleum 
exposed  to  the  influence  of  sunlight,  they  absorb  oxygen 
3  air  and  convert  it  into  ozone,  as  has  been  shown  already 
ly  other  hydrocarbon  oils  by  Shoenbein,  Kuhlmann,  and 
.     According  to  Professor  Grotowsky,  no  chemical  cora- 
occurs  between  the  oil  and  the  ozone;  the  latter  remains 
1  oxidizes  powerfully  any  substances  brought  into  contact 
The  odor  of  the  oils  is  completely  modified  when  they 
ozone ; — the  author  states  that  they  cannot  be  burnt,  and 
jy  rapidly  attack  cork.     The  color  of  the  glass  bottles  in 
be  oils  experimented  on  are  enclosed,  has  a  marked  influ- 
this  absorption  of  oxygen.     Preserved  in  iron  vessels,  or 
ely  out  of  the  rays  of  daylight,  all  these  oils  may  be  pre- 
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served  intact ;  but  in  white  glass  jars  exposed  to  the  light,  the  white 
oils  become  yellow,  are  highly  charged  with  ozone,  increase  in 
specific  gravity  0*005,  burn  with  much  difficulty,  and  attack  the 
corks  of  the  bottles.  This  is  particularly  the  case  with  American 
petroleum. 

Physiological  Effects  of  Compressed  Air.— Dr.  G.  von  Liebig 
has  made  some  new  experiments  on  this  subject,  and  concludes,  1. 
That  the  number  of  inspirations  and  expirations  in  an  atmosphere 
submitted  to  a  high  pressure,  when  the  animal  has  become  accus* 
tomed  to  it,  does  not  differ  much  from  that  which  occurs  in  ordi- 
nary circumstances.  2.  That  the  quantity  of  air  breathed  is  not 
very  different.  3.  That  the  quantity  of  carbonic  acid  evolved  is 
nearly  identical  in  both  cases. 

Oxygen  Developed  without  Heat.— Bottger,  who  devised 
the  process,  takes  equal  weights  of  peroxide  of  barium  and  peroxide 
of  lead,  and  having  mixed  them  together,  adds  some  very  weak 
nitric  acid.  Active  effervescence  immediately  commences,  and  it 
is  found  that  the  gas  evolved  is  pure  oxygen.  It  will  be  seen  that, 
according  to  Schonbein's  theory,  one  of  the  peroxides  employed 
evolves  ozone,  and  the  other  antozone,  or  oxygen  in  the  positive  and 
the  negative  states,  and  these  combine  as  they  are  given  off  to  form 
neutral  or  ordinary  oxygen.  This  process  is  of  more  scientific  than 
practical  interest ;  but  it  may  be  useful  perhaps  when  small  quan- 
tities of  oxygen  are  required  for  medicinal  purposes. 

Bronzing  Process,  applicable  to  Forcelainy  stoneware,  and 
composition  picture  and  looking-glass  frames.  The  articles  are 
first  done  over  with  a  thin  solution  of  water-glass  by  the  aid  of  a 
soft  brush.  Bronze  powder  is  then  dusted  on,  and  any  excess  not 
adherent  is  knocked  off  by  a  few  gentle  taps.  The  article  is  next 
heated,  to  dry  the  silicate,  and  the  bronze  becomes  firmly  attached. 
Probably,  in  the  case  of  porcelain,  biscuit,  or  stoneware,  some 
chemical  union  of  the  silicate  will  take  place,  but  in  other  cases  the 
water  glass  will  only  tend  to  make  the  bronze  powder  adhere  to 
the  surface.  After  the  heating,  the  bronze  may  be  polished  or 
burnished  with  agate  tools. 

Ventilation. — Gen.  Morin,  in  giving  an  account  at  the  Academic 
des  Sciences  of  the  successful  application  of  his  ventilating  apparatus 
in  a  large  weaving  factory  employing  400  work  people,  and  in 
which  were  lighted  400  jets  of  gas,  observed  that  its  advantage 
might  be  judged  of  from  the  fact  that  during  October,  November, 
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and  December,  1867,  when  the  ventilation  was  defective,  only 
15,000  kilogrammes  of  bread  were  consumed,  while,  during  the 
same  months  of  1868,  after  it  had  been  improved,  20,000  kilo- 
grammes were  required,  being  a  gain-of  25  per  cent,  for  the  health 
and  vigor  of  the  operatives. 

The  Ozyhydrog^n  light  scheme  has  now  taken  a  definite 
shape  in  Paris.  A  company  has  been  formed,  the  capital  necessary 
has  been  raised,  and  application  has  been  made  for  permission  to 
lay  down  pipes  to  carry  oxygen  and  hydrogen  over  about  a  fourth 
of  the  city.  It  is  not  very  likely  that  the  permission  will  be 
granted,  and  the  promoters  will  have  to  confine  themselves  to  sup- 
plying individuals  with  compressed  gases,  as  was  originally  pro- 
posed. We  have  published  the  patented  processes  by  which  M. 
Tessi6  du  Motay  obtains  the  oxygen  and  hydrogen  which  he  pro- 
poses to  distribute  over  Paris,  at  a  cost  so  low  that  the  oxy hydro- 
gen light  is  promised  much  cheaper  than  common  gas  light ;  but 
ingenious  and  relatively  cheap  as  they  undoubtedly  are,  it  is  impos- 
sible to  believe  that  the  service  can  be  made  so  inexpensive  as  to 
supersede  coal  gas.  The  prospectus  of  the  company  enlarges  upon 
the  cheapness  and  purity  of  the  light,  the  complete  combustion,  and 
the  absence  of  all  deleterious  matters  in  the  products  of  the  com- 
bination ;  but  is  quite  silent  as  to  the  danger  of  introducing  into  a 
house  two  gases  not  possessing  any  smell,  and  which,  consequently, 
may  escape  without  observation,  and  the  mixture  of  which  forms 
an  explosive  compound  of  far  greater  power  than  any  mixture  of 
coal  gas  and  air.  To  any  danger  of  this  kind,  continental  engi- 
neers appear  to  shut  their  eyes.  We  saw,  a  short  time  ago,  a  patent 
taken  out  in  Belgium  for  making  a  mixture  of  coal  gas  and  air, 
storing  it  in  gas  holders,  and  distributing  it  over  the  city  of  Brussels 
for  heating  purposes.  The  engineering  details  given  showed  a  com- 
plete knowledge  of  the  subject  of  the  manufacture  and  distribution 
of  gas,  but  there  seemed  to  be  no  recognition  of  the  risk,  immi- 
nent enough,  of  blowing  up  the  whole  concern.  A  consideration 
of  this  kind,  some  years  ago,  stood  in  the  way  of  a  scheme  of  the 
kind  projected  for  Birmingham,  and  will,  no  doubt,  prevent  the 
Oxyhydrogen  Light  Company  from  getting  permission  to  lay  down 
their  pipes  over  Paris. 

Ozone. — The  information  comes  all  the  way  from  Tiflis,  in  Persia, 
that  peroxide  of  hydrogen  has  been  discovered  in  the  air.  Schonbein, 
who  had  no  doubt  of  its  existence  in  the  atmosphere,  never  suc- 
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ceeded  in  demonstrating  its  presence.  This  success,  however,  is 
claimed  by  M.  Struve.  Along  with  the  peroxide  of  hydrogen,  the 
discoverer  always  finds  ozone  and  nitrate  of  ammonia.  These  were 
also  found  in  hail  and  in  sea  water*  In  these  days,  when  the  origin 
of  nitrates  of  water  is  so  warmly  debated  in  connection  with  the 
question  of  the  possible  prevention  of  sewage  contamination  of  water, 
we  are  fortunately  reminded  by  M.  Deville  of  the  fact  that  he  col- 
lected snow  on  the  Andes,  at  the  height  of  about  15,000  feet,  which 
yielded  a  large  amount  of  nitric  acid,  doubtless  derived  from  nitrite 
of  ammonia,  which  Struve  has  now  discovered  in  the  air. 

Cornish  Pumping  Engines. — The  number  reported  for  May 
is  18.  They  have  consumed  1,377  tons  of  coal,  and  lifted  10*2  mil- 
hon  tons  of  water  10  fathoms  high.  The  average  duty  of  the  whole 
is,  therefore,  50,100,000  pounds,  lifted  one  foot  high,  by  the  con- 
sumption of  112  pounds  of  coal. 

Marcy's  Improved  Magic  Lantern. — Our  attention  was  drawn 
acme  time  since  to  this  very  decided  improvement  in  lanterns  illumi- 
nated by  ordinary  flames,  by  which  their  efficiency  is  so  greatly 
increased  that  many  results  can  be  reached  which  were  heretofore 
only  attainable  by  aid  of  the  lime  or  magnefeium  lights. 

The  most  important  feature  in  this  apparatus  is  the  lamp,  or  as 
it  might  in  this  case  be  called  from  its  appearance,  the  furnace. 
This  source  of  action  to  the  en- 
tire machine  is  placed  in  the 
cylindrical  chamber  s  and  pro- 
vided with  the  chimney,  D,  and 
has  two  flat  wicks  one  and  a 
half  inches  long,   parallel  to  i 
each  other  and  to  the  axis  of 
the  chamber,  and  in  fact  the 
optical  axis  of  the  instrument. 
The  flames  or  rather  sheets  of  i 
flame  that  rise  from  these  wicks 
are  drawn  together  by  the  ar- 
rangement of  the  draft;,  and  so  form  a  pointed  ridge  or  edge  of  in- 
tense light  in  the  axis  of  the  condensers,  which  are  placed  at  c. 
We  have  on  various  occasions  alluded  to  the  fact  long  ago  pointed  out 
by  Eumfort  that  flame  was  practically  transparent.     Here  this 
property  is  utilized,  and  by  reason  of  it  we  can  get  through  the 
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condenser  all  the  accumulated  brightness  of  the  long  line  of  light, 
one  and  a  half  inches  deep. 

We  have  witnessed  a  number  of  experiments  with  this  lantern, 
and  can  fully  endorse  it,  as  a  great  advance  upon  anything  before 
used  in  the  shape  of  a  lamp-illuminated  magic  lantern. 

For  a  parlor  or  school  exhibition,  it  may  well  take  the  place  of 
the  far  more  troublesome  oxycalcium  lantern,  which  it  rivals  in 
eflSciency. 

There  are  many  details  of  construction  which  are  of  very  inge- 
nious and  eflScient  character,  among  which  we  would  specially 
notice  the  slide  for  pictures,  by  which,  one  picture  being  in  use, 
another  may  be  removed  and  exchanged,  and  then  by  a  single 
movement  brought  into  the  field,  while  the  other  is  in  like  manner 
ready  for  substitution. 

Analysis  of  the  Hathom  Spring  Water.— Professor  0.  F. 
Chandler,  of  the  School  of  Mines,  New  York,  has  analyzed  the 
water  of  Hathorn  Spring,  and  certifies  to  the  following  solid  con- 
tents found  in  a  cubic  gallon  of  water : — 

Chloride  of  Sodium 509-968  grains. 

Chloride  of  Potassium 9-697  " 

Bromide  of  Sodium 1'534  '* 

Iodide  of  Sodium -198  *• 

Fluoride  of  Calcium a  trace. 

Bicarbonate  of  Lithia 11-447  *» 

Bicarbonate  of  Soda 4-288  " 

Bicarbonate  of  Magnesia 176-463  " 

Bicarbonate  of  Lime 170-646  " 

Bicarbonate  of  Strontia a  trace. 

Bicarbonate  of  Bary  to 1-737  " 

Bicarbonate  of  Iron 1128  »* 

Sulphate  of  Potossa none. 

Phosphate  of  Soda -OOe  " 

Biborate  of  Soda a  trace. 

Alumina -131  ** 

Silica 1-260  »' 

Organic  matter a  trace. 

Totol  solid  con  ten  te 888-403  inches. 

Carbonic  acid  gas  in  one  gallon 875*747      *< 

Density 1-009      " 

The  Borings  for  Bock  Salt  near  Wylen,  Switzerland,  have 
given  very  favorable  results.  Near  the  Rhine,  a  bed  of  80  feet  in 
thickness  has  been  found  at  a  depth  of  420  feet  below  the  surface, 
and  another  50  feet  thick  not  far  off.  The  salt  is  hard,  pure,  and 
of  excellent  quality. 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 

(Continued  from  page  109.) 

Pulleys  with  Leather  Covering, 

"  The  sliding  or  slipping  of  belts  on  the  pulleys  is  an  evil  expe- 
rienced by  almost  every  one  whose  business  depends  on  machine 
power.  Various  means  have  been  devised  to  avoid  it.  One  of  them 
is  to  strew  powdered  rosin  or  pitch  on  the  inside  of  the  belt. 
Another  is  to  cover  the  pulleys  with  wood.  A  third  is  to  give 
the  rim  of  the  pulley  a  curved  surface.  These  means  are  only 
palliatives,  and  lack  a  thorough,  steady  and  continued  action. 
Eosin  and  pitch  are  soon  pressed  into  the  leather,  when  they  not 
only  lose  their  eflScacy,  but  contribute  to  the  rotting  and  destruc- 
tion of  the  belts.  A  wood  covering  on  the  pulley  gets  polished  in 
a  short  time,  and  is  then  as  slippery  as  iron.  It  is  therefore  neces- 
sary to  frequently  roughen  its  surface,  by  which  operation  the 
diameter  of  the  pulley  is  diminished,  and  the  proportions  of  the 
transmission  are  altered.  A  convexity  of  the  rim  of  the  pulley  is 
very  effective  to  prevent  the  dropping  oft*  of  the  belt,  especially 
when  the  pulley  has  a  horizontal  position ;  but  it  counteracts  the 
slipping  of  the  belt  to  but  a  small  extent. 

"  We  therefore  take  pleasure  in  communicating  to  the  public  a 
mechanical  contrivance,  which  completely  prevents  the  sliding  of 
belts  and  all  the  great  disadvantages  resulting  from  it.  It  consists 
in  covering  with  leather  the  working  surface  of  the  pulleys.  As 
the  friction  of  leather  on  leather  is  equal  to  five  times  that  of 
leather  on  iron,  and  as  leather  can  be  roughened  and  be  easily  kept 
in  that  condition,  it  is  evident  that  a  sliding  of  the  belts  cannot 
take  place  on  pulleys  covered  with  leather,  not  even  when  the  belts 
have  to  transmit  the  very  highest  amount  of  power.  We  have 
seen  such  pulleys  working  in  sugar  factories,  breweries,  in  manu- 
factories of  German  silver,  in  paper  mills,  machine  shops,  sawing 
mills,  and  in  many  other  mechanical  establishments,  in  all  of  which 
they  have  proved  of  eminent  usefulness  and  great  practical  value. 
Vol.  LVIIL— Thibd  Sebiics.— No.  8.— Sbptbmbbr,  1869.  21 
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i  .  . 

r :  With  pulleys  which  have  to  run  at  a  great  velocity,  as,  for  instance, 

those  which  drive  blowers  and  saw-frames,  as  well  as  with  pulleys 
of  small  diameter,  which  transmit  powerful  strains,  the  advantages 
of  a  leather  covering  are  especially  great.  But  besides  these  evi- 
dent advantages  resulting  from  the  avoidance  of  the  slipping,  a 
leather  covering  on  the  pulley  preserves  the  belt ;  in  the  first  place, 
because  the  belt  does  not  require  tightening  so  hard,  the  friction 
being  considerably  increased ;  and  in  the  second  place,  because 
there  is  no  occasion  for  a  rapid  rotting  of  the  belt.  For  this  rapid 
rotting  is  generally  caused  by  the  fact,  that  under  the  influence  of 
the  heat  produced  by  friction,  the  tannic  and  sebacic  acids  contained 
in  the  leather  of  the  belts,  combine  chemically  with  some  of  the 
iron  of  the  pulleys,  forming  a  hard  compound  in  the  belts,  which 
produces  what  is  called  rottenness,  and  frequently  causes  breakages. 
This  evil  is  of  course  avoided  by  covering  the  pulleys  with  leather. 
*  *  *  *  *  "  The  coverings  are  fixed  to  the  pul- 
leys by  a  kind  of  paste  or  glue,  which  hardens  in  a  very  short 
time,  and  sticks  so  well  to  iron  and  leather,  that  the  greatest  forces 
can  be  transmitted  by  the  pulleys  without  loosening  the  leather. 
The  operation  of  covering  is  very  simple,  and  can  be  done  and 
renewed  by  every  intelligent  workman.  The  price  is  1|  Prussian 
thalers  per  square  foot  of  leather,  including  the  glue." — Translated 
from  Polyt  Centralblatt.  From  Yan  ISTostrand's  Eclectic  Engineer- 
ing Magazine^  J^ljj  1869,  p.  604. 

To  fasten  Leather  to  Metal. 

"  A.  M.  Fuchs,  of  Bair^re,  says  that  in  order  to  make  leather 
adhere  closely  to  metal,  he  uses  the  following  method : — The  leather 
is  steeped  in  an  infusion  of  gall  nuts ;  a  layer  of  hot  glue  is  spread 
upon  the  metal,  and  the  leather  forcibly  applied  to  it  on  the  fleshy 
side.  It  must  be  suffered  to  dry  under  the  same  pressure.  By 
these  means,  the  adhesion  of  the  leather  will  resist  moisture,  and 
may  be  torn  sooner  than  be  separated  from  the  metal." — Athenaeum, 

Blake's  Patent  Belt  'Studs. 

This  approved  device  for  fastening  rubber  and  leather  belting 
was  patented  April,  1860,  and  March,  1861,  and  re-issued  August, 
1868.  Messrs.  Greene,  Tweed  &  Co.,  10  Park  Place,  New  York, 
have  the  sole  right  to  make  and  sell  this  invention,  and  during  the 
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fJast  four  years  have  supplied  the  studs  to  over  ten  thousand  manu- 
facturing concerns  in  the  United  States. 

They  are  recommended  to  be  better  and  cheaper  than  either 
lacing  or  hooks.  When  the  above  mentioned  studs  for  fasten- 
ing the  ends  of  belts  were  tested  on  a  6-inch  4-ply  rubber  belt,  the 
following  result  was  obtained : — 

Belt  hooks  tore  out  under  a  strain  of 800  pounds. 

Lacing  ««  '«  "     1690         " 

Blake's  studs  lield  up  to  "     4600         '* 

Where  lacing  or  other  methods  of  fastening  arc  used,  requiring 
punched  holes,  which  weaken  the  material  of  the  belt,  the  whole 
strain  transmitted  by  the  belt  must  be  carried  by  a  width  section  of 
the  belt  less  by  the  sum  of  the  diameters  of  the  holes,  which  in 
usual  practice  is  about  one-third  the  width  of  the  belt,  whereas  by 
the  use  of  the  patent  studs,  no  punched  holes  are  made,  the  material 
of  the  belt  is  not  reduced,  and  nearly  the  whole  section  is  available 
for  strain,  the  stud  being  of  such  a  form  and  inserted  in  such  a  man- 
ner as  to  grip  nearly  its  entire  width. 

Belts  fastened  by  studs,  are 
running  now  nearly  four  years, 
without  repair.  The  ends  of  the 
belts  are  kept  close  together,  and 
the  studs  do  not  touch  the  pulleys. 

When  belts  have  become  too  rotten  to  hold  lacings,  they  can 
be  fastened  with  these  studs,  which  will  hold  until  the  belts  are 
completely  worn  out.    For  damp 
places,  these  studs  make  a  secure 
fastening. 

In  fastening  the  belts  by  these 
studs,  the  slit  in  a  leather  belt 
should  be  a  J  inch,  and  in  a  rub- 
ber belt  I  inch  from  the  ends,  and 
the  studs  inserted  J  inch  apart. 

The  cuts  above  give  the  form  of  the  studs,  the  sizes  made, 
and  their  position  in  the  joint. 

The  smallest  size  is  used  for  sewing  machine  belts,  and  the  like, 
the  next  size  say  for  2-inch  belts,  and  the  largest  for  4  and  5-ply 
rubber  and  double  leather  belts. 

(To  be  Continued.) 
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CULVERTS  UNDER  THE  BEDS  OF  RIVERS  AND  CANALS. 

E  is  always  more  or  less  hazard  and  risk  in  disturbing  what 
called  the  "  existing  state  of  things."  Nevertheless,  it  be- 
mperatively  necessary,  on  certain  occasions,  to  incur  the 
JO  doing.  Of  all  the  examples  of  engineering  practice,  in 
corroboration  of  this  statement  is  to  be  found,  that  relating 
bring  with  the  status  quo  of  the  beds  and  banks  of  rivers 
lis  affords  the  most  conclusive  one.  Numerous  have  been 
lents  and  dire  the  consequences  of  excavating  even  in  the 
nate  locality  of  these  situations.  It  is  impossible  to  ob- 
o  much  caution  in  conducting  operations  of  this  nature, 
lave  now  become  more  frequent  than  formerly.  This  is 
wing  to  the  fact  that  rivers  are  no  longer  regarded  as  insep- 
Eirriers  between  their  opposite  shores,  and  that  attention  has, 
he  last  few  years,  been  prominently  drawn  to  the  practica- 
effecting  a  communication  underneath  instead  of  overhead. 
3  been  exemplified  on  a  gigantic  scale  by  the  proposed  sub- 
jommunication  between  England  and  France,  and  is  being 
lly  carried  out  by  the  Waterloo  and  Whitehall  Pneumatic 
y,  and  by  the  construction  of  the  subway  under  the  Thames 
Cower.  Although  not  arrived  at  this  pitch  of  subfluvial 
ig,  the  French  have  accomplished  something  in  that  line, 
irge  syphon  tube  recently  successfully  laid  under  the  Seine, 
ect  the  sewage  channels  on  each  side  of  that  river.  The 
f  culverts  and  pipes  under  embankments  has  always  been 
3  of  anxiety  and  trouble  to  the  engineer,  even  when  the 
ments  are  made  at  the  same  time.  It  is  needless  to  point 
greatly  the  trouble  increases,  and  how  much  greater  need 
of  precautionary  measures,  when  the  case  involves  the 
ining  of  a  bank  already  in  situ. 

!  are  two  very  prominent  instances  to  be  adduced  where  the 
>f  pipes  and  culverts  underneath  the  banks  of  water  reser- 
3re  attended  with  leakage  and  bursting.  The  one  is  the 
own  catastrophe  at  Bradfield,  some  few  years  ago.  The 
the  leakage  and  subsequent  emptying  of  the  Yartry  reser- 
astituting  a  portion  of  the  Dublin  Water  Works.  What- 
;ht  have  been  the  true  cause  of  the  former  mishap,  whether 
ue  to  an  error  in  the  principle  of  construction  adopted,  or 
ical  working  defects,  there  is  very  little  doubt  about  the 
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latter.  The  extrados  of  the  arch  of  the  culvert  was  left  nearly 
smooth,  without  any  offsets,  steps,  or  "  racking-back/'  to  afford  a 
firm  hold  of  the  puddle  of  the  bank.  In  fact,  there  was  really  a 
straight  joint  between  the  puddle  and  the  masonry,  whereas  there 
should  have  been  a  union  as  intimate  as  it  was  possible  for  inge* 
nuity  to  imagine.  As  might  be  expected,  the  water  found  out  the 
"  weak  spot."  The  result  was  the  emptying  of  the  reservoir,  which 
had  taken  months  to  fill,  and  the  plunging  of  the  Dublin  Corpora- 
tion  into  litigation,  which  entailed  upon  it  a  large  amount  of  expense. 
In  many  of  the  towns  where  new  sewage  works  are  in  course  of  con- 
struction, it  has  been  necessary  to  lay  iron  pipes  below  the  beds  of 
the  adjoining  rivers  and  canals,  both  for  the  purpose  of  effecting  a 
communication  between  the  sewers  upon  the  opposite  sides,  and 
also,  in  some  instances,  to  constitute  a  channel  of  conveyance  for 
the  sewage  to  the  fields  intended  to  be  irrigated.  This  subaqueous 
plan  has  been  adopted  at  Norwich,  where  very  extensive  drainage 
and  sewage  works  are  in  progress.  Some  idea  of  their  extent  may 
be  gained  from  the  fact  that  they  are  estimated  to  cost  £60,000. 
Provided  the  foundation  be  good,  and  concrete  be  used  liberally, 
the  only  point  presenting  much  difficulty  is  the  joints,  which  some- 
times give  a  great  deal  of  trouble.  The  depth  to  which  the  drains 
must  be  sunk  depend,  in  the  first  place,  upon  the  levels ;  and,  sec- 
ondly, upon  the  condition  of  traffic  in  which  the  river  is  placed. 
If  the  river  be  navigable,  and  used  for  the  purposes  of  navigation, 
the  pipes  should  not  be  placed  too  near  the  surface,  and  should  be 
well  protected,  especially  about  the  joints,  with  cement  concrete, 
or  they  are  liable  to  be  damaged  by  the  anchors  of  boats.  Were 
there  any  choice  in  the  matter,  it  would  always  be  preferable  to  take 
the  drain  or  pipe  over  instead  of  under  the  river,  but  it  is  seldom 
that  the  levels  are  so  entirely  optional  as  to  afford  the  right  of 
selection. 

An  instance  of  the  bursting  of  a  canal  embankment,  in  conse- 
quence of  excavating  underneath  it,  for  the  purpose  of  construct- 
ing a  culvert,  occurred  a  very  short  time  ago.  It  appears  that  a 
portion  of  the  embankment  of  the  Napton  and  Warwick  Canal,  on 
the  Warwick  side  of  the  river,  was  washed  away.  The  breach 
made  was  nearly  forty  feet  in  width,  and  the  water  escaping  through 
it  with  great  velocity  completely  inundated  the  adjoining  fields,  and 
did  a  great  deal  of  mischief  to  the  young  crops  and  property. 
Although  the  conclusion  is  not  absolutely  an  infallible  one,  that 
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the  proposed  construction  of  the  sewer  was  the  cause  of  the  acci- 
dent, yet,  when  it  is  borne  in  mind  that  the  excavation  was  carried 
on  in  close  proximity  to  the  breach,  it  is  diflScult  to  trace  the  effect 
to  any  other  cause.   As  a  rule,  we  should  prefer  in  these  hazardous 
situations  to  lay  cast  iron  pipes  instead  of  building  a  culvert.    The 
time  which  the  disturbance  and  interference  with  the  existing  bank 
occupies  is  of  equal  importance  with  the  nature  of  the  operations 
carried  on.     A  much  shorter  time  will  suflSce  to  lay  in  a  pipe  than 
to  construct  a  culvert  of  brick-work  or  masonry.    The  former  will 
also  require  less  excavation  than  the  latter,  for  supposing  them  to 
have  the  same  internal  dimensions,  the  arch,  invert,  and  side  walls 
of  the  culvert,  will  necessitate  the  taking  out  of  a  considerable  addi- 
tional quantity  of  earth.   These  proportions  in  a  cast  iron  pipe  are 
simply  its  thickness,  which  practically  is  inappreciable.     Besides, 
an  increase  in  the  capacity  or  internal  size  of  the  pipe,  produces 
little  or  no  corresponding  difference  in  the  thickness.     With  the 
exception  of  the  difficulty  sometimes  experienced  in  making  good 
the  joints,  there  is  no  comparison  with  respect  to  the  relative  facili- 
ties of  the  two  methods  for  establishing  a  speedy  and  secure  com- 
munication between  the  opposite  banks.   The  manner  in  which  the 
canal  is  constructed,  at  the  place  where  the  intended  pipe  or  culvert 
is  to  cross,  has  a  very  great  effect  upon  the  risk  attending  its  suc- 
cessful laying.     Should  the  canal  be  carried  altogether  in  an  em- 
bankment, and  the  levels  not  permit  of  the  pipe  being  laid  in  the 
natural  ground,  but  require  it  to  be  placed  in  the  artificial  bank, 
the  danger  is  seriously  augmented.     Not  only  is  the  foundation 
more  treacherous  and  insecure,  but  the  earth  above  is  more  liable 
to  subside  than  if  it  consisted  of  a  thin  stratum  of  the  natural  sur- 
face.  Subsidence  is  not  necessarily  a  forerunner  of  leakage  or  burst- 
ing, but  it  frequently  does  precede  those  serious  contingencies,  and 
may  be  regarded  as  a  warning  sign  which  should  never  be  dis- 
regarded.  A  distinction  must  be  drawn  here  between  the  ordinary 
subsidence,  which  invariably  follows  the  erection  of  every  new 
bank,  a  short  time  after  its  construction,  and  that  for  which  there 
is  no  apparent  cause.  -The  former  is  always  expected,  and  provision 
made  accordingly  for  raising  the  bank  to  its  proper  level.    The 
latter  should  be  at  once  carefully  inquired  into,  and  a  constant 
watch  set  on  the  spot. — Mechanics'  Magazine, 
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THE  BINGLEY  EXPLOSION. 

The  fatal  boiler  explosion  at  Bingley,  which  caused  the  death  of 
fifteen  persons,  and  injured  about  twenty-five  more,  has  been  the 
subject  of  investigation  by  Mr.  L.  E.  Fletcher,  Engineer-in-Chief 
to  the  Manchester  Steam  Users'  Association.  The  examination 
was  made  at  the  instance  of  the  coroner,  who  very  judiciously  ad- 
journed the  inquest  pending  Mr.  Fletcher's  report.  That  document 
has  now  appeared,  and,  from  a  perusal  of  its  contents,  it  appears  to 
us  miraculous  how  the  boiler  lasted  so  long  as  it  did.  It  was  of 
the  type  usually  employed  in  the  Lancashire  and  Yorkshire  mills, 
but  was  constructed  of  inferior  metal,  and  so  was  wrong  from  the 
first.  Previously  to  being  put  to  work  at  Bingley,  it  had  seen  some 
eight  or  nine  years'  service  in  another  establishment.  When  it  left 
the  latter  place,  it  was  purchased  by  a  boiler  maker,  repaired,  and 
re-sold.  The  repairs  were  necessitated  by  external  corrosion  under- 
neath the  boiler,  but  they  were  imperfectly  done.  Half-inch  plates 
were  riveted  on  to  the  old  plates  where  they  had  become  worn  to 
a  quarter  of  an  inch.  Thus  patched  up,  the  boiler  lasted  three 
years,  when  it  exploded  with  the  fatal  effects  we  have  mentioned. 
From  an  examination  of  the  fragments,  Mr.  Fletcher  found  that 
leakage  began  at  the  junction  of  the  old  and  new  work.  In  more 
than  one  place,  the  plates  were  found  to  be  reduced  to  the  thickness 
of  a  sheet  of  paper — the  old,  old  story.  Of  course,  the  shell  gave 
way  here,  and  the  rent  proceeding  thence  through  the  adjoining 
plates,  soon  completed  the  destruction  of  the  boiler. 

But  the  piece  of  patchwork  was  not  the  only  fault  the  boiler  had ; 
it  was  badly  equipped,  and  badly  tended  as  well.  The  safety  valve 
was  too  small  and  of  defective  construction,  and  the  engine  tender 
is  believed  to  have  been  both  incompetent  and  reckless — two  con- 
ditions generally  found  associated  together.  Mr.  Fletcher,  however, 
very  properly  observes  that  some  more  practical  lesson  should  be 
drawn  from  this  fatal  catastrophe  than  to  throw  the  onus  of  fifteen 
deaths  upon  an  ignorant  stoker  already  killed  by  the  explosion. 
The  jury,  however,  returned  a  verdict  of  manslaughter  against  the 
dead  stoker,  and  censured  the  owners  of  the  mill  for  employing  so 
incompetent  an  attendant  and  leaving  him  without  supervision. 
They  also  recommend  that  all  boilers  should  be  brought  under 
government  inspection,  and  there  the  matter  rests.  But  the  cir- 
cumstances attending  the  construction  and  use  of  this  boiler  call 
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for  further  remark  here.  We  have  over  and  over  again  pointed 
out  how  really  preventable  are  those  explosions,  and  that,  therefore, 
they  do  not  properly  come  within  the  meaning  of  the  term  "accident." 
It  is  needless  to  observe  that  this  boiler  was  not  under  inspection, 
or  it  would  have  been  condemned  three  years  since.  Had  it  been 
properly  constructed  at  first,  and  placed  under  the  protective  inspec- 
tion of  one  or  other  of  the  companies  formed  for  this  purpose,  it  is 
highly  improbable  that  the  recent  catastrophe  could  have  occurred. 
To  guard  against  the  possibility  of  bad  material,  Mr.  Fletcher  sug- 
gests that  the  plates  used  in  the  construction  of  boilers  should  not 
only  be  branded  or  stamped,  like  silver,  with  a  certificate  of  quality, 
but  marked  also  with  the  name  of  the  manufacturer,  so  that  the 
responsibility  of  the  work  could  always  be  brought  home  to  him. 
Then,  with  regard  to  the  fittings,  we  all  know  how  easy  it  is  to 
meet  ignorance  or  foolhardiness  by  safety  valves  of  proper  construc- 
tion. In  short,  the  Bingley  explosion  is  only  a  repetition  of  an  oft- 
told  story,  which  must  lead  to  protective  legislation  if  repeated  in 
the  highly  culpable  form  it  has  here  assumed.  Such  events  make 
us  look  with  anxiety  to  the  work  the  Committee  of  the  Manchester 
Steam  Users'  Association  have  taken  in  hand,  for  promoting  the 
security  of  life  and  property  against  unsound  boilers.  They  pro- 
pose that  coroners  should  be  empowered  and  instructed  to  command 
the  attendance  of  competent  engineers  to  give  evidence  when  con- 
ducting inquiries  in  reference  to  these  disasters.  This  would  ren- 
der unnecessary  any  government  action,  which  might  prove  an 
interference  with  the  freedom  of  the  steam  user,  but  to  which  he 
will  inevitably  have  to  submit  if  he  does  not  mend  his  ways. 


Soad  Watering. — All  lovers  of  fair  play  will  be  glad  to  hear 
that  Mr.  Cooper's  system  of  laying  the  dust  by  means  of  a  solution 
of  certain  salts,  is  now  in  full  and  successful  operation  in  Liverpool, 
with  the  cordial  cooperation  of  the  local  authorities.  Thanks  to  the 
inefficient  supervision  exercised  by  the  Marylebone  vestry,  over  the 
ignorant  and  interested  servants  whom  they  appointed  overseers 
during  Mr.  Cooper's  contract,  and  the  consequent  persecution  and 
pecuniary  loss  to  which  that  gentleman  was  subjected,  there  will 
be  little  chance  of  improvement  for  our  metropolitan  roads  just  at 
present.  In  Liverpool  it  is  found  that  75  per  cent,  of  the  work  of 
water  distribution  is  saved,  but  probably  the  most  interesting  fact 
elicited  is  that  in  streets  watered  on  Mr.  Cooper's  system,  sweeping 
may  be  practically  dispensed  with.     This  is  a  result  worth  noting. 
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THE  LONDON  WATER  SUPPLY, 

It  is  more  than  two  years  and  a  half  since  the  Committee  ap- 
pointed to  examine  into  the  condition  of  the  Metropolitan  Water 
Supply  commenced  their  labors  but  recently  terminated,  these 
being  recorded  in  a  report,  the  conclusions  of  which  we  have  already 
published.  The  probable  future  metropolitan  water  requirements, 
and  whether  the  source  whence  its  present  supply  is  derived  will 
be  sufficient  and  reliable  in  all  ways  for  the  coming  generations,  or 
whether  we  should  begin  to  look  elsewhere  than  to  the  Thames 
Yalley  for  our  main  supply,  were  the  questions  which  the  Com- 
mittee had  to  set  themselves  earnestly  to  consider,  and,  judging 
from  the  voluminous  evidence  they  have  received,  from  the  per- 
sonal examinations  they  have  made,  and  from  the  care  with  which 
they  have  weighed  evidence  and  studied  the  physical  peculiarities 
of  the  basins  of  the  Thames  and  of  the  Lea,  we  are  bound  to  assume 
that  their  recommendations  are  correct,  and  that  the  Thames  and  the 
Lea,  which  have  hitherto  supplied  London  with  water,  will  never 
fail,  either  in  quantity  or  quality,  in  serving  the  metropolitan  de- 
mand, even  though  it  should  grow  and  extend  itself  in  a  proportion 
which  the  increase  of  the  decades  of  the  past  does  not  warrant  in 
assuming  for  the  future. 

Two  hundred  millions  of  gallons  of  water  a  day  is  estimated  as 
the  future  necessary  supply  for  a  population  swelled  to  5,000,000 ; 
nearly  200,000  tons  of  water  distributed  over  an  area  of  224  square 
miles,  through  mains  and  branches  and  service  pipes  to  meet  indi- 
vidual demands,  or  public  wants ; — forty  gallons  being  apportioned 
to  each  unit  of  the  5,000,000  every  day.  Times  are  changed,  and 
necessities  have  increased  since  the  city  ran  with  sparkling  streams 
from  the  high  lands  on  the  north  of  London,  and  carried  a  plentiful 
supply,  which  could  be  had  for  fetching :  or  since  the  local  springs 
were  collected  and  led  by  conduits  through  the  city.  The  streams 
have  long  since  disappeared,  changed  into  sewers,  arched  over  out 
of  sight,  and  nothing  but  the  names  are  left  of  the  conduits  to  mark 
the  course  along  which  they  ran.  But  these  supplies  were  too 
limited  even  for  London  of  the  sixteenth  century,  and  three  hun- 
dred years  ago  came  Peter  Morrys,  the  Dutch  engineer,  who  utilised 
the  constant  flood  pouring  through  the  narrow  archways  between 
the  piled-up  starlings  of  old  London  Bridge,  to  drive  pumps  that 
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raised  water  and  supplied,  by  wooden  mains  and  by  open  gullies, 
the  neighboring  streets  for  two  centuries  after  his  time. 

In  1609,  Hugh  Myddelton  commenced  the  formation  of  the  New 
Eiver,  bringing  the  springs  from  the  chalk  at  Chadwell  and  Am- 
well,  near  Ware,  to  within  a  few  miles  of  London.  Funds  failing 
him  then,  the  work  was  completed  by  the  help  of  a  royal  grant,  in 
doing  which,  by  the  way,  royalty  looked  well  after  its  own  interests, 
and  thus,  seven  years  after  the  Act  had  been  obtained,  the  northern 
parts  of  London  were  supplied  by  a  plentiful  flow,  secured  by  gra- 
vitation. Soon  after  its  completion  the  water  from  the  chalk 
springs,  which  originally  formed  the  only  source,  were  supple- 
mented by  an  inlet  from  the  Lea. 

These  two  works,  together  with  the  natural  streams  and  open 
conduits,  formed  the  water  supply  to  London  till  the  end  of  the 
seventeenth  century.  But  in  1691  a  company  was  formed  under  the 
title  of  the  York  Building  Waterworks  Company,  to  supply  the  city 
of  Westminster,  the  water  being  pumped  from  the  Thames  near  Char- 
ing-cross.  These  works  existed  so  late  as  1829.  In  1723  came  the 
Chelsea  Waterworks  to  supply  a  district  of  Westminster  and  the 
growing  neighborhood  westward.  At  first  the  pumps  were  erected 
at  Millbank,  and  afterwards  removed  to  a  site  near  to  the  present 
Victoria  Eailway  Bridge.  Meanwhile,  the  narrow  arches  of  old 
London  Bridge  were  filled  with  water  wheels  that  clumsily  raised 
water  for  the  city  as  well  as  for  Southwark.  In  1785  the  Lambeth 
Works  had  started  and  pumped  their  supply  from  the  Thames  op- 
posite Charing-cross,  and  the  Borough  had  established  pumps  not 
far  from  Blackfriars  Bridge.  With  the  beginning  of  the  century 
most  of  the  companies  which  now  supply  the  metropolis  came  into 
existence.  The  West  Middlesex  Water  Company  at  Hammersmith, 
in  1806,  to  supply  the  western  suburbs ;  the  Grand  Junction,  five 
years  later,  who,  starting  to  draw  their  water  from  the  Colne  and 
Brent,  aided  by  surface  drainage,  soon  had  to  resort  to  the  Thames 
for  a  purer  and  more  constant  supply,  and  in  1820  their  sluices 
drew  from  the  river  near  to  Chelsea  Hospital.  Eastward  the  East 
London  Waterworks,  dependent  for  their  supply  upon  the  river 
Lea,  superseded  two  small  establishments  at  Shad  well  and  Ham ; 
and  shorly  after  their  Act  had  been  obtained,  in  1806,  works  were 
erected  near  Bow.  In  the  southern  districts  the  Vauxnall  Water- 
works were  started  in  1805,  taking  their  supply  from  the  Efira, 
then  an  open  confluent  of  the  Thames,  and  but  recently  converted 
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into  a  covered  sewer.  The  various  companies  thus  established, 
before  long,  trading  on  their  monopolies,  began  to  levy  rates,  which 
resulted  in  a  continued  public  dissatisfaction,  and  in  1821  a  com- 
mission was  appointed  to  examine  into  the  subject.  Their  report, 
recommending  considerable  reform,  was  never  officially  acted  upon, 
but  it  had  the  effect  of  inducing  the  water  companies  to  remove  the 
chief  cause  of  complaint.  The  quality  of  water  supplied  was  the 
next  subject  that  claimed  general  attention.  The  various  compa- 
nies drawing  their  supplies  from  the  river  polluted  by  the  sewage 
discharged  into  it,  distributed  it  direct  throughout  their  respective 
districts  without  any  intermediate  process  of  purifying.  In  1828  a 
commission  was  again  appointed  to  inquire  into  the  quality  of  the 
supply.  The  examinations  conducted  by  this  commission  showed 
that  the  general  outcry  was  a  just  one,  and  that  the  supply,  espe- 
cially from  the  works  below  Westminster  Bridge,  was  totally  un- 
fitted for  general  use.  Filtering  beds,  settling  reservoirs  and  re- 
movals to  new  sites  followed  the  publication  of  this  report.  The 
Chelsea  Company,  in  1829,  laid  down  the  first  large  filter  of  one 
acre  in  extent ;  the  West  Middlesex  and  the  Grand  Junction  re- 
moved their  source  from  Chelsea  to  Brentford ;  the  East  London 
went  higher  up  the  Lea,  and  the  Southwark  and  Vauxhall,  com- 
bining, established  new  works  at  Battersea. 

A  report  by  Mr.  I'elford  was  made  in  1834,  in  which  it  was  re- 
commended that  entirely  new  sources  of  supply  should  be  sought, 
and  in  which  Mr.  Telford  suggested  the  Verulam  on  the  northern, 
and  the  Wandle  on  the  southern,  side  of  the  Metropolis;  but  this 
report,  although  discussed  in  both  houses,  remained  entirely  un- 
acted upon. 

The  partial  improvements  introduced  by  the  various  companies 
after  1828  tided  matters  over  for  several  years,  but  the  develop- 
ment of  sanitary  engineering  resulted  in  so  largely  increased  a  dis- 
charge of  impurities  into  the  river,  that  an  efficient  filtration  be- 
came impossible,  and  it  was  obvious  that  the  time  had  arrived  when 
some  of  the  most  important  Companies  must  change  their  source  of 
supply,  or  abandon  their  works  altogether. 

The  Lambeth  Company,  situated  in  a  most  unfavorable  position, 
were  the  first  to  take  active  steps  towards  the  unavoidable  change. 
In  1848  they  obtained  a  new  Act,  and  three  years  later  water  drawn 
from  Kingston,  far  beyond  the  influence  of  the  tide,  was  delivered 
through  the  mains  of  these  extensive  districts. 
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Tr»  iftp^n  tije  General  Board  of  Health,  who  had  by  that  time 
io  a  most  useful  and  powerful  body,  issued  a  report, 
)f  which  pointed  out  strongly  the  evils  existing  from 
)f  deriving  a  large  supply  from  the  tideway  of  the 
,  indeed,  they  went  so  far  as  to  assert  that  the  river 
l)e  utilized  temporarily  for  obtaining  water  beyond  the 
Metropolitan  drainage,  until  a  more  favorable  locality 
ided  upon,  and  centralized  works  erected ;  and  they 
he  large  tract  formed  by  the  Bagshot  sands,  and  the 
winds  in  Surrey,  as  suitable  for  the  purpose.  This  pro- 
3t  possibly  have  been  acted  upon  had  not  a  company 
been  projected  for  the  purpose  of  supplying  London 
vater  from  the  chalk  at  Watford.  The  scheme  had 
*ab]y  noticed  by  Eobert  Stephenson,  in  a  report  made 
ore,  that  it  was  thought  advisable  for  a  commission  to 
hemically  the  quality  of  the  water  obtainable  above 
uence.  The  result  of  their  inquiry  showed  that  such 
be  thoroughly  relied  upon  for  public  use,  and,  con- 
Board  of  Health  proposition  relative  to  turning  to  the 
3  as  a  source  of  supply,  they  recommended  the  con- 
the  Watford  scheme,  assuming  that  the  hardness  of 
•ived  from  the  chalk  could  be  destroyed  by  Dr.  Clark's 
^ftening. 

nation  of  all  these  investigations  was  a  decision  that 
I  the  subject  was  necessary,  and  in  1851  a  Bill  was  in- 
\  Parliament  for  the  amalgamation  and  centralization 
ter  companies,  and  the  obtaining  of  all  water  from  one 
rce.  Opposition  overcame  this  measure,  but  it  resulted 
Ing  passed  the  following  year,  by  which  stringent  and 
)ligations  were  imposed  upon  the  various  companies, 
I  otherwise  free  to  pursue  their  business  independently, 
portant  clauses  of  this  bill  rendered  it  compulsory  that 
uld  be  drawn  from  the  river  below  Teddington,  that 
storage  reservoirs  should  be  covered,  that  all  water, 
3d  from  wells  should  be  effectually  filtered, 
passing  of  this  bill,  the  water  companies  proceeded  to 
ions  in  compliance  with  its  clauses,  which  involved  an 
of  2,500,000  h  and  with  the  result  ascertained  in  1856, 
)\y  reducing  the  amount  of  organic  matter, 
ht  companies  now  supplying  the  metropolis,  five  are 
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situated  on  the  north  side  of  the  Thames,  and  three  on  the  southern 
side.  In  the  long  series  of  articles  published  in  the  secoDd  volume 
of  Engineering^  under  the  title  of  "  The  Waterworks  of  London," 
the  whole  of  these  works  were  fully  described  in  detail.  The  fol- 
lowing table  gives  the  general  statistics  of  the  various  establish- 
ments in  1867 : 


Capital. 

£ 
785,600 
798,571 
850,000 
l,10a,440 
786,245 

2,009,418 
1,400,000 

489,240 

p 

it 

11 

Number 

of 

Houses 

Supplied, 

If' 

170,000 
275,000 
246,0C0 
465,000 
280,000 

8jo,o:o 

676,000 
240,0C0 

Average 
Daily 

From  the  Thames. 
Chelsea  Company 

square 
miles. 

6-5 

100 

240 

800 

25-0 

190 

500 

60-0 

26,876 
86,881 
27,190 
71,568 
88,820 

118,462 
92,662 

84,504 

gallons. 

8,087,258 

8,816,486 

West  Middlesex 

Grand  Junction 

9,688,482 

South  wark  and  Vauxhall. 
Lambeth 

18,629,758 
8,975,580 

From  the  Lea, 

New  River  Company 

East  London  Company . ... 

From  aialk  WeU,  Kent, 

49,^42^467 
28,790,667 
19.298,241 

43,088,908 

Kent  Company 

6,468,878 

Total 

8,769,614 

224-5 

441,442 

3,100,000 

98,600,248 

The  number  of  gallons  given  in  the  last  column  of  the  above  table 
as  the  amount  of  daily  supply  gives  only  the  average,  and  not  the 
maximum  quantity,  which  in  the  summer  months  is  augmented  to 
108,313,000  gallons,  showing  an  excess  of  10  per  cent,  of  consump- 
tion in  the  summer  over  the  winter  months. 

Collectively  the  various  companies  possess  forty-four  subsiding 
reservoirs,  occupying  260 J  acres ;  the  filtering  beds  number  forty- 
eight,  with  an  area  of  61 1  acres;  they  own  twenty-eight  storage 
reservoirs,  having  a  capacity  of  112,087,000  gallons,  and  ninety-six 
pumping  engines,  of  10,660  horse-power  in  alL 

By  tkeir  present  acts  and  agreements  the  companies  are  empow- 
ered to  draw  110,000,000  of  gallons  daily  from  the  Thames — ^the 
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Middlesex,  Grand  Junction,  Southwark  and  Vaux- 
beth  Companies, — each  taking  20,000,000  of  gallons, 
London  Company  (under  a  recent  Act)  a  quantity 
0,000  of  gallons.  From  the  Lea,  the  average  quan- 
taken  are :  18,000,000  of  gallons  by  the  New  River 
r  total  delivery  being  23,750,000  gallons;  and  the 
ake  19,250,000  gallons  from  the  Lea,  at  a  point  lower 
jr.  Besides  these  quantities  the  chalk  wells  of  the 
Y  yield  7,000,000  of  gallons  daily. 
;sion  of  1865,  appointed  to  inquire  into  the  best  means 
the  pollution  of  rivers,  reported  that  the  accumulat- 
icharged  into  the  Thames  by  all  the  towns  and  vil- 
5  course,  tended  seriously  to  impurify  the  river,  and 
leans  should  be  taken  to  compel  the  diversion  of  the 

the  utilization  of  the  sewage  upon  the  land.  The 
I  in  the  Act  passed  in  the  following  year,  which  legis- 
Dwns  along  the  Thames  Valley,  and  fixed  a  limited 
mpletion  of  the  dictated  improvements,  a  limit  which, 
has  been  exceeded  hitherto  with  impunity.  This 
ad  also  the  committee  appointed  in  1867  to  inquire 
iion  of  the  river  Lea,  were  of  opinion  that  with  the 
alterations,  both  rivers  were  efficient  sources  of  sup- 
here  was  nothing  to  justify  incurring  a  vast  expendi- 
mation  of  new  works. 

ined  discussion  which  had  taken  place,  and  the  epi- 
visited  London  in  1866  (the  cause  of  which,  it  is  al- 
>e  traced  to  the  water  supply),  brought  forward  many 
staining  a  pure  supply  from  a  foreign  source ;  of  these 
were  Mr.  Bateman's  project  for  utilizing  the  sources 
I ;  Messrs.  Heman  &  Hassard^s  plan,  looking  to  the 
md  Westmoreland  Lakes;  Mr.  Fulton's  project  for 
•  from  the  Wye ;  and  Mr.  Remington's  plan  of  obtain- 
3  Derbyshire  hills. 

fiferent  systems,  which  have  been  fully  described  in 
mes  of  Engineering^  were  carefully  examined  into  by 
nmittee,  who  concluded  that,  setting  aside  all  other 
,  there  was  not  sufficient  information  upon  the  reli- 
rainfall.  It  is  evident,  they  say,  "  that  a  long  series 
s  is  necessary  to  be  made  before  any  authoritative 
e  expressed,  not  only  as  what  may  be  the  true  aver- 
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age  rainfall,  but  what  may  be  the  mean  of  the  three  driest  years, 
and  at  what  intervals  they  occur.  In  the  case  of  a  large  city  like 
•  London,  where  such  a  source  of  supply  is  proposed,  an  exact  deter- 
mination seems  to  us  imperative.  Of  course  it  will  be  understood 
that  not  only  should  the  observations  extend  over  a  long  series  of 
years,  but  also  that  they  should  be  made  in  many  places  so  as  to 
get  at  the  average  rainfall  of  the  district,  which  has  well  been  shown 
to  have  very  diflferent  values  in  immediately  adjacent  places,  as  it 
varied  in  the  same  year  in  fourteen  areas  in  the  lake  district  from 
45  to  100  inches.  The  system  of  collecting  grounds  utilizes,  no 
doubt,  the  rainfall  to  the  greater  extent.  But  the  great  disadvan- 
tage is,  that  the  springs  to  fall  back  upon  in  time  of  drought,  are 
insignificant  in  comparison  with  the  great  quantities  stored  in  per- 
meable strata.  The  very  circumstance  of  a  large  immediate  delivery 
of  the  rainfall  precludes  the  possibility  of  that  subterranean  storage 
of  a  large  portion  of  it  which  forms  so  valuable  a  resource  during 
severe  and  long  continued  droughts." 

These  objections  are  substantiated  by  the  experience  gained  from 
towns  furnished  with  gravitation — supplies  which  have  in  nearly 
all  cases  failed  in  seasons  of  drought  when  the  requirements  were 
the  most  urgent.  Liverpool,  Manchester,  Newcastle,  Hochdale, 
Preston,  Bradford,  Halifax,  and  other  towns  suppled  by  this  sys- 
tem, have  all  suffered  from  a  temporary  deficiency  or  even  an  ab- 
sence of  water,  which  involved  the  hasty  extemporising  of  other 
means  to  meet  the  unexpected  demands,  or  the  erection  of  perma- 
nent pumping  works  to  supplement  the  insuificient  ones  already 
existing. — Engineering. 


THE  PRESERVATION  OF  STONE 

TuERE  is  no  name  better  known  in  connection  with  processes  for 
making  artificial,  or  preserving  or  hardening  natural  stone,  than 
that  of  Mr.  Frederick  Ransome.  It  is  now  five  and  twenty  years 
since,  in  1844,  Mr.  Ransome  first  turned  his  attention  to  this  de- 
partment of  scientific  research,  and  during  the  whole  of  this  time 
he  has  been  an  indefatigable  experimenter,  discovering  obstacles 
only  to  surmount  them,  and  never  accepting  more  than  a  temporary 
defeat.  With  the  successful  results  of  Mr.  Ransome's  investigations, 
as  exemplified  in  his  well-known  artificial  concrete  stone,  our  read- 
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no  doubt  familiar,  and  we  need,  therefore,  merely  allude 
ere,  the  special  object  of  the  present  notice  being  to  give 
iculars  of  a  new  process  for  preserving  or  hardening  nat^- 
which  has  been  lately  brought  out  by  Mr.  Ransome 
ess  consists  in  successfully  applying  to  the  stone  to  be 
jolution  or  fluid  mixture  of  lime  or  baryta,  and  a  solution 
>y  preference  an  alkaline  silicate. 

iution  of  baryta  which  Mr.  Ransome  prefers  to  employ 
:  half  a  pound  of  baryta-hydrate  to  a  gallon  of  water,  and 
on  is  either  applied  to  the  surface  of  the  stone  by  means 
,  or,  if  convenient,  the  stone  to  be  treated  is  entirely  im- 
it.  The  stone  having  been  saturated  with  the  baryta 
>  the  required  depth,  its  surface  is  next  coated  with  a  so- 
loluble  silicate  or  a  mixture  of  soluble  silicates,  such,  for 
is  a  combination  of  silicate  of  soda  and  silicate  of  potash, 
tion,  which  Mr.  Ransome  prefers,  should  be  as  nearly 
possible,  and  it  may  be  made  so  either  by  adding  gela- 
ca  freshly  precipitated  from  a  weak  solution,  or  by  em- 
le  process  of  dialysis  to  remove  the  excess  of  alkali.  For 
iplication  it  is  found  most  convenient  that  the  solution  of 
icate  should  have  a  specific  gravity  of  about  1*2,  but  this 
ay  require  to  be  increased  or  diminished  in  some  cases ; 
;e,  if  the  material  to  be  treated  is  very  porous,  or  if  it  is 
sired  that  the  hardening  should  be  effected  to  a  slight 
jT,  a  stronger  solution  may  be  used,  and  the  same  remark 
3S  to  the  solution  of  baryta.  In  some  instances,  also,  Mr. 
proposes  to  employ  a  solution  of  lime  in  place  of  that  of 
d,  if  necessary,  molasses  or  sugar  may  be  added  to  in- 
quantity  of  lime  held  in  solution. 

isome  has  also  brought  out  a  modification  of  the  above 
process,  in  which  the  application  of  the  solution  of  baryta, 
le  is  preceded  by  the  coating  of  the  surface  of  the  latter 
Iution  of  superphosphate  of  lime  of  a  specific  gravity  of 
I;  or,  if  desired,  the  baryta  solution  may  be  applied  first 
perphosphate  subsequently.  Mr.  Ransome  has,  we  under- 
ly  applied  his  new  preserving  process  to  the  stones  of  the 
LS  Station,  and  we  hope  in  a  future  number  to  say  more 
and  the  results  attending  it. — Engineering. 
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OPENING  OF  KANSAS  CITY  BRIDGE. 

Engineer's  Test  and  Report, 

The  Elansas  City  Bridge  was  formally  opened  July  3d,  with  ap- 
propriate ceremonies ;  the  municipal  authorities  of  Chicago  and  St. 
Louis,  and  an  immense  concourse  of  people  participating. 

The  bridge  consists  of  combination  wood  and  iron  trusses  for 
spans  180  feet,  177  feet,  200  feet,  and  250  feet,  an  iron  span  70  feet, 
and  a  Linyille  &  Piper  patent  wrought  iron  pivot  span  860  feet  in 
length.  The  superstructure  was  erected  by  the  Keystone  Bridge 
Company,  of  Pittsburgh. 

The  tests  were  made  by  careful  instrumental  measurements,  the 
bridge  being  loaded  with  a  train  of  five  locomotives  and  cars  loaded 
with  railroad  iron.  The  committee  remark  that  they  must  meet 
the  approval  of  all  practical  and  scientific  men,  acquainted  with  the 
difficult  problem  of  bridging  with  long  spans  such  streams  as  the 
Missouri : — 

Span  7.    Lencfth  of  Span  177  feet.    Load  at  North.     \  of  span,  46  Tons. 

North  J  deflection 14-82  inches 

Centre  «•         10-82    *« 

Load  at  Centre  and  North  \,  92  Tons. 

North  J  deflection .'24-82    «* 

Centre        "        81-82    ♦* 

South  J      «*        28-82    '• 

Load  at  South  \,  Centre  and  North  \,  112  Tons. 

North  J  deflection 26-82     " 

Centre        •♦        84-82    «* 

South  J       "         88-82    " 

Span  fully  loaded,  170  Tons. 

North  \  deflection 27-82    «* 

Centre        "        37-32    " 

South  J,      "        88-82    " 

Elongation  of  bottom  chord  under  full  load  \  inch,  set  after  load  passed  of£ 
1-16  of  an  inch. 

Span  6.    Length  200.     Loaded  with  four  Engines.    ToUl  weight  187  Tons. 

North  \  deflection 42-82  inches. 

Centre        "  64-82    *' 

South  \      "  41-82    " 

Elongation  of  bottom  chord 11-82    *• 

Set 13-32    *« 

Span  5.    Length  250  feet,  fully  loaded  288  Tons. 

North  J  deflection. 61-82    «« 

Centre        •«  69-82    «« 

South  \      *'  48-82    " 

Elongation  of  bottom  chord 8-8    ** 

Set.. 6-82    " 

Span  4.    Length,  200  feet.     Loaded,  187  Tons. 

Centre  deflection 110-82    *' 

Set nil 

Vol.  LVIII.— Thibd  Siwm.— No.  8,— Skptembib>  1869.  38 


Digitized  by  VjOOQ IC 


178  Oivil  and  Mechanical  Engineering, 

360  feet.    North  half  of  draw  span  loaded  with  170  Tons. 

t  deflection 23-32  inches. 

Centre  **     84-82    " 

linff  drum  deflection 16-82    " 

of  South  half,  unloaded,  rose  under  above  load...  19-32    " 

fully  loaded,  313  Tons.    On  South  half  of  span. 

-deflection 9-32  inches. 

«*  18-82    " 

ling  drum 15-82     «« 

of  Span. 

deflection 19-82    " 

Jouth}  Truss 3-8     ** 

S^orth  JTruss 1-8    « 

9ning  draw  72°  two  minutes  and  ten  seconds  with  four  men.  Elon- 
Q,  2,180  feet  in  length  under  the  moving  load  of  flve  engines  Hod 
ras  7-82. 

iilton,  late  Chief  Engineer  North  Missouri  Railroad, 
f  cFarland,  Major  of  Engineers,  U.  S.  Army. 
Nettleton,  Chief  Engineer,  Hannibal  and  St.  Joseph 

Lodge,  Engineer  North  Missouri  Railroad. 

.  Smith,  Keokuk  and  Hamilton  Bridge. 

Dmpson,  Superintendent  Bridges  and  Streets,  Chicago. 

rson,  General  Superintendent,  Kansas  Pacific  Railroad. 

rrell,  Superintendent  Cambria  Iron  Works. 

ore,  General  Superintendent  and  Chief  Engineer,  Mia- 

c  Railroad. 

mittee  say : — 

lults  were  entirely  satisfactory,  reflecting  great  credit  od 

xi  in  its  construction,  especially  on  the  Chief  Engineer, 

Qute,  who  has  shown  the  greatest  scientific  skill  and  ad- 

3  ability  in  its  design  and  superintendence,  and  in  suc- 

complishing  the  building  of  this,  the  first  bridge  across 

i  River ;  the  masonry  of  its  piers  having  to  be  sunk  from 

It  below  the  bottom  of  the  river,  through  quicksands  and 

n  a  turbulent  part  of  the  stream." 

ion  is  expressed  that  the  engineering  profession  will  be 

efited  if  Mr.  Chanute  will  publish  a  detailed  statement 

ing  of  this  bridge,  and  the  committee  respectfully  request 

o  at  an  early  period. 
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KANSAS  CITY  BRIDGE. 

Feom  the  Missouri  Bepuhlican  of  St.  Louis,  we  extract  the  fol- 
lowing details  of  the  structure  and  erection  of  the  Kansas  City 
Bridge,  whose  opening  and  Engineer's  Test  will  be  found  fully  de- 
scribed on  another  page. 

Preliminary  arrangements  of  charter  and  finance  having  been 
made,  the  services  of  Mr.  0.  Chanute  as  Chief  Engineer  were  se- 
cured. 

Mr.  Chanute  associated  with  him  as  assistant  engineers  Mr.  C.  H. 
Nickerbocker  and  Mr.  G.  S.  Morison,  and  no  time  was  lost  in  delay. 
He  surveyed  the  river  and  the  proposed  location  for  the  bridge  and 
the  customary  routine  of  boring  to  find  the  rock  was  gone  through 
in  January,  1867.  In  February  he  gave  up  his  residence  at  Chi- 
cago and  came  to  Kansas  City  to  superintend  and  conduct  the 
operations.  The  location  of  the  bridge  was  determined  upon,  and 
a  point  about  opposite  the  centre  of  the  town  chosen.  The  works 
were  commenced  vigorously,  and  it  soon  became  evident  that  the 
greatness  of  the  task  had  not  been  at  all  over-estimated.  A  survey 
of  the  bed  of  the  channel  had  been  made,  and  the  fixity  of  the  lat- 
ter being  suspected,  another  one  was  made  a  short  time  afterwards* 
The  second  showed  that  it  had  sunk  several  feet.  Again  and  again 
were  surveys  made ;  the  bed  would  rise  and  fall,  and  where  large 
deposits  of  sand  had  recently  taken  place,  a  huge  depression  would 
be  noticed  not  long  after.  What,  with  the  scouring  and  filling  up, 
and  the  eating  away  of  the  bank  and  the  continual  shifting  of  por- 
tions of  the  bed,  the  engineer  was  driven  almost  to  his  wit's  end* 
Still  the  river  was  there  and  it  had  to  be  bridged*  Although  the 
channel  became  twenty  feet  deeper  in  two  months,  and  the  obsta- 
cles were  enough  to  dismay  any  ordinary  man,  Mr.  Chanute  attacked 
them  with  a  bolder  heart. 

The  eating-away  process  of  the  voracious  monster  went  on 
quicker  than  had  been  counted  upon,  and  actually  500  feet  of  the 
bank  some  distance  above  the  site  of  the  bridge  was  swallowed  up 
and  went  down  stream  in  five  days.  This  would  never  do  and  it 
was  decided  to  have  recourse  to  riveting.  Two  miles  of  the  south- 
em  bank  were  protected  in  this  manner,  the  whole  distance  from 
the  bridge  site  to  the  mouth  of  the  Kansas  Hiver  being  riveted. 

The  history  of  the  first  year's  operations  was  simply  this,  a  strug- 
gle from  beginning  to  end  with  the  river  and  its  ever-changing  bed; 
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works — piles  driven  into  the  sand  were  undermined  and 
and  at  one  time  Kansas  Citj  was  threatened  with  a 
lich  would  leave  it  isolated,  so  £Eir  as  river  navigation 
ed.  "  Necessity  is  the  mother  of  invention,"  and  Mr. 
discover  a  method  by  which  the  majesty  of  science  was 
r  an  unchecked  and  uncontrolable  body  of  water, 
nt  being  very  swift  and  powerful,  it  was  found  impos- 
i  the  foundations  of  the  bridge  in  the  ordinary  manner, 
aious  plan  of  protection  was  devised.  A  bottomless 
lowered  by  means  of  screws  which  were  festened  to  a 
3,  itself  secured  to  the  rock  by  drills.  Another  caisson 
by  cables  a  little  distance  up  stream  to  break  the  force 
it.  After  the  caisson  had  been  lowered  it  was  made 
and  the  work  proceeded.  This  plan  was  specially 
pier  No.  1.  With  the  other  piers  sheet  piling,  false 
;es  and  syphons,  and  the  making  of  caissons  water-tight 
concrete  placed  around  them  by  drivers,  were  had  re- 
rhe  caisson  for  pier  No.  2  was  peculiar,  being  like  a 
some  forty  feet  in  diameter.  Many  of  the  piles  were 
aid  of  a  water  jet. 

iation  of  pier  No.  4,  writes  an  engineer  connected  with 
presented  the  greatest  difficulties,  and  as  finally  carried 
most  successful.  The  caisson  built  and  partially  sunk 
1867  remained  in  position  until  the  following  March, 
er  in  two  days  scoured  away  twenty  feet  of  sand  on 
:t  to  the  channel,  causing  the  caisson  to  tilt  rapidly 
south,  till  it  fell  over,  and  became  a  total  wreck.  It 
essary  to  begin  this  foundation  anew,  and  for  greater 
ras  decided  to  dispense  with  piles  and  found  the  pier 
1  the  rock.  As  the  work  must  be  done  in  the  low- 
of  fall  and  winter,  when  the  deposit  of  silt  and  sand  is 
it  became  necessary  to  go  through  nearly  forty  feet  of 
e  as  much  as  at  any  other  pier,  to  a  depth  fifty  feet 
rdinary  stage  of  water.  To  accomplish  this,  the  bold 
an  was  adopted  of  substituting  a  masonry  pier  for  the 
Etissons  used  elsewhere,  and  sinking  this  pier  bodily  to 
tiding  up  as  it  descended ;  the  pier  being  guided  in  its 
ispension  screws,  and  the  material  removed  from  below 
lain  dredges  working  in  wells  left  in  the  masonry.  To 
ay  which  the  obstructions  of  the  old  wreck  would  have 
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entailed,  the  site  of  the  pier  was  shifted  fifty  feet  to  the  south,  put- 
ting the  two  hundred  and  fifty  feet  span  between  piers  four  and  five. 
A  timber  caisson  seventy  feet  long,  twenty -two  and  a  half  wide  and 
twelve  feet  high,  with  pointed  ends,  was  built  on  the  shore  to  carry 
the  masonry.  It  was  built  with  double  walls,  the  outer  vertical, 
and  the  inner  inclining  inward  and  upward,  the  two  uniting  at  the 
base  in  a  sharp,  cutting  edge,  shod  with  iron,  and  made  with  three 
cross- walls  of  similar  form.  This  caisson  was  proportioned  to  carry 
the  entire  weight  of  the  pier,  and  to  resist  all  pressures  and  disturb- 
ances which  might  come  upon  it.  Some  idea  of  its  strength  may 
be  derived  from  the  fact  that  60,000  feet  of  lumber,  mostly  oak, 
and  22,000  pounds  of  wrought  iron  were  used  in  its  construction. 
While  the  caisson  was  building  on  shore,  the  false  works  were  in 
progress  at  the  pier  site ;  they  rested  on  sixty  piers,  which  were 
surmounted  by  seven  trusses  capable  of  carrying  a  thousand  tons, 
or,  if  absolutely  necessary,  double  that  weight.  Twenty-four  sus- 
pension screws,  twenty  feet  long,  and  from  two  and  a  half  to  three 
inches  in  diameter,  were  placed  in  the  truss-frame  above,  and  twen- 
ty-four two  and  a  half  inch  rods,  in  corresponding  positions,  were 
built  into  the  caisson,  passing  through  the  timber  sides  from  top  to 
bottom,  and  taking  hold  below  the  main  sill.  On  the  21st  of  Octo- 
ber, the  caisson  was  launched  and  floated  into  position.  It  was  then 
suspended  from  the  trusses,  the  false  bottom  removed,  and  the  cais- 
son lowered  till  it  rested  on  the  sand  in  nine  feet  of  water.  After 
filling  the  spaces  between  the  double  walls  with  concrete,  the  outer 
wall  was  surmounted  by  a  planked  frame  wall  twelve  feet  high, 
built  with  a  slight  batter,  and  the  spaces  left  between  the  inner  and 
cross-walls,  by  four  rectangular  boxes,  which  formed  the  walls  of 
the  dredge  wells.  This  second  section  was  also  filled  with  concrete. 
At  the  same  time  the  dredging  machinery  was  mounted  above,  and 
a  house  built  over  the  entire  work,  to  protect  the  workmen  and 
machinery  from  the  weather  and  facilitate  the  prosecution  of  the 
work  both  night  and  day.  The  false  works  were  arranged  in  three 
separate  stories.  The  lower  floor,  only  a  few  feet  above  water,  was 
reserved  for  the  use  of  the  carpenters  and  masons  engaged  in  build- 
ing the  successive  sections  of  the  caisson  and  laying  the  masonry. 
This  floor  contained  also  the  engine-room  and  divers'  houses,  with 
air-pumps  and  apparatus,  while  an  extension  built  out  on  the  north 
side  furnished  runways  to  carry  oif  the  sand  thrown  out  by  the 
dredges.    The  second  floor,  entirely  housed  in,  contained  the  shaft- 
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^  lections  by  which  the  dredges  were  run — each  dredge 
ed  by  itself  to  confine  the  splash  of  sand  and  water — 
sts'  work-benches,  superintendent's  office,  lamp  room, 
5  third  floor,  immediately  under  the  roof,  were  placed 
ed  in  raising  and  lowering  the  dredges.  The  dredges 
endless  chain  pattern,  arranged  specially  for  this  work, 
1  telescopic  frames,  by  which  the  working  length  was 
the  pier  descended,  the  frames  being  also  easily  moved 
a,  independently  of  any  change  in  length,  by  the  crabs, 
th  of  December,  everything  being  in  readiness,  the  ma- 
set  in  motion  and  the  sinking  began.  The  dredges 
driven  by  a  single  twenty-five  horse-power  engine,  and 
ty  was  found  in  securing  a  uniform  descent  by  the  aid 
nsion  screws.  The  material  first  excavated  was  a  fine, 
vhich  could  be  dredged  only  when  mixed  with  a  large 
vater,  forming  a  thin  mud ;  the  rate  of  descent  was,  how- 
ally  faster  than  either  concrete  or  masonry  could  be  laid, 
section  of  the  caisson  was  in  turn  surmounted  by  a  third, 
h  the  cut-stone  masonry  of  the  pier  was  laid,  the  plank- 
as  a  protection  from  the  sand.  It  was  found  best  not 
I  night  and  day  as  the  splash  from  the  dredges  greatly 
ced  the  masons,  and  the  plan  was  adopted  of  working 
by  night  and  laying  masonry  in  the  daytime.  As  the 
led  the  character  of  the  material  excavated  changed  to 
.vy  sand,  easily  dredged,  and  the  progress  became  more 
ichcs  being  sometimes  accomplished  in  a  single  hour, 
s  easy  to  go  down  in  six  hours  as  far  as  the  masonry 
ilt  up  in  eighteen. 

)f  a  few  days  was  occasioned  by  striking  on  two  sunken 
probably  belonged  to  the  old  wreck;  one  of  these  was  re- 
le  divers,  and  the  other  tied  up  and  held  till  the  edge  of 
broke  through  it ;  the  timber  was  ten  inches  thick  where 
d  showed  a  ragged  broom-like  fracture.  On  the  6th  of 
he  masonry  having  been  stopped  a  day  or  two  before, 
le  to  a  bearing  on  a  mass  of  clay  and  boulder,  through 
IS  worked  slowly  about  a  foot  in  the  usual  way.  A 
ht  divers  was  then  engaged  to  finish  the  excavation ; 
i  in  alternate  gangs  day  and  night  in  the  chambers  of 
action  beneath  the  masonry,  removing  the  boulders  one 
be  stones  were  of  various  sizes,  from  small  pebbles  to 
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two  hundred  and  fifty  pounds  weight,  closely  packed  together,  and 
showing  no  signs  of  wear  by  water ;  among  them  were  found  occa- 
sional masses  of  clay,  pieces  of  water-charred  wood,  a  number  of 
teeth,  and  an  Indian  arrow-head.  By  the  10th  of  March  the  divers 
had  worked  through  four  feet  of  these  boulders,  and  brought  the 
pier  to  a  bearing  on  the  bed-rock.  The  small  amount  of  sand  which 
remained  inside  was  then  cleared  out,  the  dredge  removed,  and  the 
wells  filled  up  with  concrete ;  the  false  works  were  stripped  to  the 
lower  platform,  a  derrick  mounted,  and  on  the  2d  of  April  the  lay- 
ing of  masonry  was  resumed,  the  last  foundation  being  finished. 
On  the  completion  of  No.  2,  the  force  on  this  pier  was  doubled,  and 
the  last  stone  in  the  bridge  laid  on  the  6th  of  May,  1869. 

Most  of  the  difficulties  incidental  to  the  construction  of  the  bridge 
have  been  mentioned  in  the  foregoing,  and  we  will  now  notice  the 
structure  as  completed. 

The  general  impression  created  on  first  viewing  the  bridge  from 
a  distance  is  a  very  favorable  one,  and  which  is  strengthened  on 
approaching  nearer  to  it.  It  presents  a  substantial  appearance, 
although  the  superstructure  is  light.  The  distance  from  the  water 
to  the  roadway  of  it  at  the  present  stage  of  the  water  is  32  feet,  at 
low  water  47  feet,  and  at  high  11  feet. 

From  the  abutment  on  the  Elansas  City  shore  to  the  two  pillars 
at  this  end  of  the  bridge  the  distance  is  66  feet.  The  abutment  is 
a  massive  one,  and  the  pillars  are  7  feet  square  at  the  base,  and 
also  7  feet  at  the  top,  while  they  are  5  feet  through  the  neck. 

The  piers  have  a  curved  cornice,  and  are  formed  like  an  Egyptian 
pillar.  The  "  ice-breaker  "  at  their  bottom  tapers  toward  the  top, 
and  has  a  sharp  point.     There  are,  in  al],  seven  piers. 

Pier  No.  1. — The  distance  from  the  pillars  to  the  first  one  is  134 
feet.  It  rests  on  a  rock,  is  100  feet  from  the  shore,  63  feet  in 
height,  65  feet  by  20  at  base,  and  40  feet  by  10  feet  at  the  cornice; 
8  feet  through  the  neck.  The  distance  from  it  to  pier  No.  2  is 
181J  feet. 

Pier  No.  2. — This  is  the  round  pier  on  which  the  draw  swings. 
It  is  40  feet  at  the  base,  29  feet  through  the  neck,  and  33  feet  at 
the  cornice.  It  rests  on  a  rock,  and  is  66  feet  high.  Distance  to 
pier  No.  3,  181 J  feet. 

Pier  No.  3. — This  is  distant  from  pier  No.  4,  200  feet ;  is  79  feet 
in  height,  70  feet  by  21  feet  at  base,  40  feet  by  10  feet  at  the  top, 
and  is  8  feet  thick  at  the  neck.    It  rests  on  rock. 
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No.  4. — The  span  to  pier  No.  4  is  260  feet ;  height  of  pier, 
;  70  J  feet  by  22  J  feet  at  the  base ;  38  feet  by  9  feet  at  the 
feet  at  the  neck.  It  rests  directly  on  a  rock. 
No.  5. — The  span  between  this  pier  and  pier  No.  6  is  200 
Dimensions:  At  base,  70  feet  by  15  feet;  at  top,  38  feet  by 
neck,  7  feet ;  height  66  feet.    Rests  upon  piles  driven  to  the 

No.  6.— Span  to  pier  No.  7,  177  feet.     Size  of  pier:  60  feet 
feet  at  bottom ;  38  feet  by  9  feet  at  top ;  neck  7  feet ;  height 

Rests  upon  piles  driven  in  the  sand. 
No.  7. — The  dimensions  of  this  pier  are:  At  bottom,  40  feet 
feet ;  36  feet  in  length  at  top ;  45  feet  high ;  6  feet  through 
jk.    It  rests  upon  76  piles  driven  into  the  sand,  which  is  10 
low  low  water. 

masonry  of  the  piers  is  of  limestone,  quarried  in  the  neigh- 

d ;  the  facing  is  of  ashlar,  and  the  backing  of  heavy  rubyle. 

Superstrv^ture. — The  superstructure  is  composed  of  iron  and 

The  contract  for  it  was  taken  by  the  Keystone  Bridge 

ny,  of  Pittsburgh.     The  short  shore  span  is  a  riveted  trellis 

of  wrought  iron.    The  other  fixed  spans  are  double  triangu- 

3ses,  of  a  pattern  designed  for  this  bridge ;  the  lower  chord, 

parts  strained  in  tension,  are  of  wrought  iron,  the  top  chord 

aces  of  wood ;  the  three  longest  spans  have  curved  upper 

The  construction  of  the  bridge  is  such  that  any  portion  of 

perstructure  can  be  replaced,  in  a  few  moments,  without 

ring  with  the  passage  of  trains.     This  does  not  decrease  its 

y- 

superstructure  rests  upon  cast  iron  bed-plates  on  rollers  in 
I  case,  to  allow  for  the  contraction  and  expansion  of  the  iron 
caused  by  the  changes  in  temperature.  The  roadway  is  laid 
icolson  pavement,  and  the  rail  is  what  is  known  as  a  strong 
ail.  It  was  rolled  especially  for  this  purpose,  is  much 
r  than  they  usually  are,  weighing  sixty-eight  pounds  to  the 
rard.  It  is  adapted  both  for  steam  cars  and  ordinary  carri- 
The  bridge  has  been  constructed  with  a  view  to  the  allow- 
buggies  and  wagons  to  pass  over  it  when  not  in  use  by  the 
is.  There  is  a  footpath  along  the  side  for  its  entire  length. 
the  celebration  a  toll  will  be  charged,  probably  4  or  5  cents 
ngle  person,  and  about  50  cents  for  a  buggy.  The  roadway 
let  wide,  and  the  footpath  4  feet. 
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The  Draw, — Perhaps  the  most  interesting  portion  of  the  struc- 
ture is  the  draw.  It  is  863  feet  in  length  from  the  centre  of  pier 
No.  1  to  the  centre  of  pier  No.  3,  and  is  entirely  of  wrought  iron. 
It  is  of  Linville  &  Piper's  patent.  The  "draw  protection"  in  the 
river  is  the  same  length  as  the  draw,  and  "  rests  "  are  placed  on 
cribs  which  were  sunk  filled  with  stone.  When  the  draw  is  swung 
round  to  permit  a  steamboat  to  pass,  its  ends  will  rest  on  these. 
The  draw  is  easily  worked  by  four  men,  with  wrenches ;  it  is  in- 
tended to  place  a  small  steam  engine  on  pier  No.  2,  to  work  it 
The  draw  works  very  nicely. 

The  gauge  of  the  track  on  the  bridge  is  the  narrow  gauge  of  4 
feet  8^  inches.  The  track  of  the  Missouri  Pacific  Railroad  is  now 
5  feet  6  inches,  and  it  is  understood  that  it  will  be  altered  to  the 
narrow  one,  which  is  used  by  all  the  other  railroads  connecting  at 
this  point.    The  track  on  the  bridge  is  a  single  one. 

The  distances  from  the  track  of  the  bridge  to  the  centre  of  the 
spans  are  respectively  22  feet,  draw  35  feet,  25  feet,  31  feet,  25  feet, 
and  22  feet. 

A  telegraph  wire  of  the  Western  Union  Telegraph  Company  is 
carried  over  by  the  bridge. 

The  bridge  is  estimated  to  carry  one  ton  to  the  foot.  At  this 
weight  the  wrought  iron  is  only  strained  up  to  10,000  pounds  the 
square  inch,  and  the  timber  to  400  pounds.  This  is  twice  as  much 
as  it  is  ever  likely  to  carry.  On  the  test,  to-day,  it  will  be  sub- 
jected to  the  weight  of  seven  locomotives,  extending  from  end  to 
end.  It  is  estimated  that  it  will  carry  four  or  five  times  this 
weight,  and  ten  times  the  actual  weight  ever  likely  to  come  upon 
it  in  service. 

The  deflection,  when  the  greatest  weight  that  can  be  put  upon  it 
is  done,  will  be  IJ  inch  for  the  188  feet  span,  IJ  inch  for  the  200 
feet  span,  and  1 J  inch  for  the  250  feet  span. 

The  bridge  has  been  partly  tested  already,  and  trains  have  passed 
over  it,  with  two  locomotives  and  two  cars  loaded  with  iron, 
weighing  100  tons.    The  deflection  of  the  250  feet  span  is  If  inch. 

Other  Work. — Beyond  the  northern  end  of  the  bridge  there  is 
2,363  feet  of  trestle  work,  30  feet  in  height ;  this  is  over  the  bottom 
lands  to  the  high  grounds.  On  the  opposite  shore  there  has  been 
a  deep  cutting,  1,400  feet  in  length  and  73  feet  deep  in  the  middle. 
Further  on  there  has  been  rock  cutting  1,000  feet  in  length  by  40 
feet  in  height.  The  railroads  on  the  south  side  make  their  connec- 
VoL.  LVIII.— Thied  Sbbies.— No.  8.— Skptembbb,  1869.  24 
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tions  with  the  track  at  the  end  of  these  cuttings,  and  those  on  the 
n  side  of  the  Missouri  at  the  end  of  the  trestle  work. 
>  a  picturesque  view  of  the  surrounding  country  is  obtained 
rson  standing  in  the  centre  of  the  bridge.  There  is  a  sud- 
fid  in  the  river  here,  and  looking  west  up  the  river,  the 
ittle  town  of  Wyandotte,  Kansas,  is  seen  straight  ahead,  on 
bh  or  west  bank  of  the  river.  A  short  distance  below,  the 
ae  is  distinguished  by  a  belt  of  timber  on  the  Kansas  bor- 
>n  the  northern  side  of  the  river,  a  little  below  the  bridge, 
Harlem,  the  terminus  of  three  railroads,  destined  to  receive 
■  the  benefits  that  will  flow  from  this  enterprise.  The  high 
i{  Kansas  City  are  on  the  southern  side,  and  a  cute,  wide- 
)erson  who  owns  a  lot  near  the  terminus  of  the  bridge  can  be 
shing  the  bluff  away  with  a  stream  of  water  forced  up  from 
jr,  in  hose,  by  a  stationary  steam  engine.  A  laborer  directs 
zle  at  the  base  of  the  bluff.  The  hill  melts  and  flows  in  a 
luddy  stream  down  a  trench,  again  to  mingle  with  the  tur- 
ers  below,  after  having  been  solidified  for  centuries.  The 
)f  the  dirt  is  progressing  with  the  demolition.  This,  how- 
a  digression.  Opposite  Kansas  City  there  is  nothing  but  a 
nties  in  the  primitive  forest,  and  it  is  rumored  that  they  are 
the  nucleus  for  a  "  New  Kansas  City."  Lots  have  risen 
LOO  to  $1,000  per  foot. 

'ge  number  of  trees  and  branches  are  coming  down  the  Mis- 
nd  quite  an  accumulation  has  taken  place  at  the  western 
the  "  draw  protection  "  and  some  of  the  piers.  They  will 
ke  masses  of  ice,  beat  harmlessly  against  them, 
railroads  which  will  be  enabled  to  connect  at  Kansas  City, 
ns  of  this  enterprise,  are  the  Kansas  City  and  Cameron 
d;  North  Missouri  Railroad;  Missouri  Valley  Railroad; 
'i  River,  Fort  Scott  and  Gulf  Railroad;  Missouri  Pacific 
d ;  Missouri  River  Railroad,  and  Kansas  Pacific  Railroad, 
connections  will  be  equally  beneficial  to  all  these  roads,  and, 
Y  specially,  to  the  St.  Louis  roads.  The  roads  which  ran  on 
bheast  side  of  the  river  were  the  North  Missouri ;  the  Mis- 
alley  Railroad  running  to  St.  Joseph ;  and  the  Kansas  City 
neron  Railroad.  The  Missouri  River  Railroad  is  the  road 
s  operated  in  connection  with  the  Missouri  Pacific,  and  runs 
enworth.     The  Missouri  River,  Fort  Scott  and  Gulf  Rail- 
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road  has  55  miles  constructed,  south,  and  is  being  pushed  to  the 
Indian  Territory. 

The  total' cost  of  the  bridge  has  been  about  $1,000,000.  It  may 
slightly  exceed  this,  but  very  little.  The  contract  for  the  super- 
structure was  $250,000,  and  this  is  included  in  the  sum.  In  this 
$1,000,000  there  is  also  included  the  cost  of  2,868  feet  of  trestle 
work,  the  1,400  feet  of  cutting,  and  the  1,000  feet  of  rock  cutting 
before  referred  to. 

No  account  of  this  bridge  would  be  complete  without  a  word 
respecting  Mr.  0.  Chanute,  the  Chief  Engineer.  He  has  won  de- 
served fame  in  his  profession,  and  has  cause  to  be  proud  of  this 
last  signal  achievement.  He  is  an  affiible  and  courteous  gentleman, 
and  has  been  ably  assisted  by  Mr.  C.  H.  Nickerbocker,  G.  S.  Mori- 
son,  and  Mr.  T.  Tomlinson,  the  latter  of  whom  had  charge  of  the 
iron  work. 


Local  Attraction. — Colonel  Sir  Henry  James,  Director- General 
of  the  Ordnance  Survey,  repopts  that  during  the  past  year  inquiry 
has  been  prosecuted  into  this  very  remarkable  phenomenon.  H!e 
observes  that  the  relative  extent  to  which  the  plumb  line,  and  the 
levels  of  our  astronomical  instruments,  are  affected  in  a  country 
where  there  is  nothing  on  the  surface  of  the  ground  to  account  for 
it,  may  be  judged  from  the  fact  that  it  is  nearly  double  the  amount 
of  the  deflection  on  Schehallion  mountain,  8,647  feet  high,  with  the 
instrument  placed  on  the  sides  of  the  mountain  itself,  at  one-third  of 
its  altitude,  the  position  to  produce  the  greatest  effect  from  the  mass 
of  the  mountain  on  the  plumb  lines.  He  considers  that  we  have 
very  decided  indications  that  the  cause  is  in  the  granitic  rocks  which 
extend  in  a  south-west  direction  from  Oowhy the  through  Banffshire, 
and  which  are  highly  impregnated  in  some  parts  with  magnetic  iron 
in  a  metallic  state.  The  range  of  mountains  on  the  south-east  of 
Banffshire  culminates  in  Ben  Muich  Dhui,  4,806  feet  high,  which, 
after  Ben  Nevis,  4,368  feet  high,  is  the  highest  mountain  in  Scot- 
land. The  great  amount  of  the  attraction  at  Cowhythe,  and  along 
the  coast  to  the  east  and  west  of  Portsoy,  cannot  be  explained  by 
anything  visible  on  the  surface,  and  obliges  us  to  imagine  the  exist- 
ence of  some  large  and  very  dense  mass  of  matter  underneath  it. 
Sir  H.  James  hopes  to  resume  this  important  inquiry  this  season ; 
and  the  geological  structure,  as  well  as  the  mineral  character  of  the 
rocks,  will  be  carefully  investigated  by  the  Director  of  the  Geolo- 
gical Survey  of  Scotland. 
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ON  VARIOUS  PROCESSES  FOR  PRESERVING  TIMBER. 

By  Dr.  Adolph  Ott. 

**  Le  probleme  de  la  coneervation  des  bots  est  une  queBtion  qu  'on  p6Ut  mettre  au 
premier  rang  parmi  lee  questions  les  plus  importante  d*  economic  publique. "Dv?na«. 

Early  Trials.     The  effects  of  Metallic  Sails.    Experiments  made  on 

German  Railroads. 

"Wood  is  an  outgrowth  of  the  earth,  by  which  nature  provides 
for  the  payment  of  our  debts,"  was  the  utterance  of  Lord  Carnar- 
von, during  the  then  raging  gambling  mania  under  Charles  11.  of 
England.   Many  a  venerable  old  forest  had  to  fall,  in  order  to  cover 
the  losses  at  the  play -table  of  but  one  evening.    Is  it  to  be  won- 
dered at,  that  from  this  time  dates  the  first  attempt  for  protecting     I 
timber  from  rot  ?   It  originated  with  the  German  chemist  Glauber, 
and  consisted  in  first  charring  the  surface  of  the  timber,  then  coat- 
ing it  with  vegetable  tar,  and  immersing  it  in  the  acid  from  wood. 
From  the  past  century  date  also  various  methods  for  preserving 
timber.   They  are  founded  either  on  the  application  of  tarry,  oily  or     | 
resinous  substances  to  the  surface  of  the  wood,  or  on  its  immer- 
sion in  various  fluids.     These  processes  are  likewise  found  to  be 
alternately  applied.     The  present  century,  as  may  be  expected, 
has  brought  forward  a  great  number  of  inventions  with  regard  to 
this  subject.     The  usual  methods  consist  in  drying  the  timber  by 
hot  air ;  in  lixiviating  it  by  cold  water,  steam,  or  chemicals ;  in  its 
immersion  in  various  liquids ;  or,  in  impregnating  the  same  with     I 
fluids  by  means  of  pressure,  after  expelling  the  sap.     Boucherie's 
process,  which  is  the  only  original  one  of  its  kind  we  are  acquainted 
with,  consists  in  displacing  the  sap  of  the  living,  or  felled  and  squared 
tree,  with  saline  solutions.* 

*  llie  first  patent  of  Dr.  Boucherie  dates  from  the  year  1888.  It  is  founded  on 
the  ascending  force  of  the  sap,  which  causes  the  preserving  fluid  to  pass  through 
the  stem  upwards  to  the  ramifications.  The  latter  is  brought  in  contact  with  the 
juice  through  a  circular  saw-cut  at  the  base  of  the  standing  or  with  the  entire  sur- 
face of  the  cut  of  the  sawed  down  tree.  The  ^^  green  log  cured  in  the  fxn'eH^ 
became  at  that  time  the  object  of  groat  wonder.  In  1841,  Boucherie  proposed 
another  method  by  which  the  expelling  and  displacing  of  the  juice  is  eflTected  by 
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The  preaerving  fluids  now  chiefly  employed  are  metallic  and 
saline  solutions,  and  the  products  of  the  destructive  distillation  of 
coal  and  wood.  Most  metallic  salts,  as  well  known,  form  scarcely 
soluble,  and  not  readily  putrefiable,  compounds  with  albuminous 
matter ;  these  latter  form,  to  a  large  proportion,  the  contents  of  the 
vegetable  organs,  and,  being  exceedingly  liable  to  spontaneous 
decomposition,  constitute,  in  most  instances,  the  decay  of  the  ligneous 
tissue,  or  of  the  fibro- vascular  bundles  around  the  pith,  of  which 
wood,  properly  speaking,  is  composed.  In  effecting,  therefore, 
such  combinations  in  the  interior  of  the  wood,  it  was  supposed  that 
they  would  be  the  means  of  effectually  arresting  this  transforma- 
tion. In  doing  so,  it  was,  however,  not  taken  into  account  that  those 
compounds  are  themselves  easily  soluble  in  a  surplus  of  the  metal- 
lic solution,  or  in  the  albuminous  juice  itself.* 

By  the  usual  methods  of  injection,  a  thorough  saturation  of  the 
wood  is  but  rarely  effected,  and  although  it  may  be  taken  for  granted 
that  as  long  as  the  preservative  fluid  remains  in  the  interior  of  the 
cellular  tissue,  no  decomposition  will  ensue,  this  will  most  assuredly 
be  the  case  when  the  fluid  in  question  has  been  removed  by  the 
action  of  either  terrestrial  or  meteoric  waters.  Aside  from  this, 
the  investigations  of  a  very  careful  observer,  Mr.  Koenig,  seem  to 
prove  that  the  metallic  salts  unite  more  readily  with  the  resins  than 
with  the  albumen  of  the  wood.  His  researches  extended  over  various 
kinds  of  timber  which  had  been  impregnated  with  copper  and  zinc 
solutions.  He  ascribes  the  temporary  preservation  of  timber  to 
the  formation  of  a  "  resin  soap,"  as  he  terms  that  compound,  which, 
in  covering  the  fibre,  affords  some  protection  against  the  growth 
of  fungi  or  the  attacks  of  insects.  It  was  found  that  non-resinous 
wood  absorbs  very  little  of  these  metallic  salts,  and  sulphate  of  cop- 
per, when  injected  in  wood  from  which  the  resin  had  been  removed 
by  boiling  it  in  alcohol,  could  easily  be  lixiviated  by  laying  the 
thus  saturated  wood  in  water.  Steamed  oak  absorbed  more  chloride 
of  zinc  than  green  or  seasoned  oak,  a  fact  which  may  be  accounted 
for  when  it  is  known  that  in  steaming,  the  pores  are  widened  while 

pressure.  The  preserving  fluids  chiefly  employed  by  him  are  sulphate  of  copper, 
pyroligneate  of  iron,  and  chloride  of  calcium.  This  process  has  since  been  adopted 
by  several  railroads,  and  for  impregnating  the  telegraph  posts  in  France.  Four 
years  ago,  a  certain  Mr.  Hamar  obtained  from  the  United  States  a  patent  for  a 
similar  process,  the  alleged  merits  of  which  we  shall  examine  presently. 

*  Vide  Lehrbuch  der  organischen  Chemie  yon  T.  S.  Schlossberger.   Leipzig  and 
Heidelberg.    1867 ;  page  144. 
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In  remains.*  These  facts  fully  explain,  as  reported  in  one 
annual  meetings  of  the  German  Civil  Engineers,  why  not 
tn  46*59  per  cent,  of  the  pine  sleepers  of  the  Kreuz-Brom- 
Bailroad,  which  had  been  treated  with  blue  copperas,  had  to 
oved  after  only  ten  years'  service.f 

Injection  vnth  Brine,     Salting  Timber. 

1  regard  to  the  injection  with  brine  after  the  method  of 
5rie,  it  may  be  stated  that  it  failed  like  many  others,  to  give 
sfaction  required.  That  the  external  application  of  salt,  as 
id  for  increasing  the  durability  of  timber  in  vessels,  must 
less  satisfactory,  is  self  evident. 

1  excellent  article  on  the  ship-timber  in  the  United  States, 
jd  expressly  by  Mr.  William  W.  Bates,  of  Chicago,  Illinois, 
Commissioner  of  Agriculture,  the  author  speaksj  as  follows, 
alleged  utility  of  salting : — 

ere  can  be  no  doubt  of  the  utility  of  salting  close  assem- 
of  timber,  provided  the  pieces  are  not  too  large;  but  if 
lot  too  green.  The  action  of  salt  upon  timber  seems  to  be 
3Ctly  understood.   It  is  seldom  applied  to  advantage,  as  may 

from  the  mode  of  using  it,  namely,  against  the  dry  sides  of 
bers  instead  of  the  moistened  ends,  which  is  rather  imprac- 

It  results  that  water  from  the  wood  is  very  slowly  obtained, 
is  shown  from  the  length  of  time  it  takes  to  dissolve  the  salt 
'al  years.  During  this  time,  incrustations  are  formed  over 
face  of  the  wood ;  these  are  cooled  and  preserved,  but  the 

of  the  timber^  especially  if  large,  not  having  parted  laith  its 
e  and  fermentable  juices,  may  be  decomposed,  as  we  have  seen, 
the  salt.  From  this  we  are  led  to  infer  that  a  proper  appli- 
either  in  mode  or  quantity,  would  have  saved  the  interior 
as  the  outside  of  the  timber.  But  this  is  by  no  means  cer- 
)wever.  Salt,  in  its  nature,  it  is  not  constituted  to  perform  all 
ztions  of  a  perfect  antiseptic  for  timber,  and,  besides,  is  too  slow 
ction.    If  the  timbers  of  a  ship  could  be  made  small  enough 

ier  Natur.     Die  neuesten  Entdeckungen  auf  dem  gobiete  der  Katurwis- 

«n.    1868;  page  598. 

oisch  techniBches  Repertorium  von  Dr.  £mil  Jacobsen.     1864  ;  2d  half 
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in  scantling,  salt  might  answer  to  save  them ;  but  salt  would  scarcely 
save  an  ox  were  the  carcass  not  cut  up,  and  it  is  equally  useless 
applied  to  timber.  It  is  also  a  most  weighty  and  cumbersome 
material,  and  would  be  more  so,  if  applied  to  the  extent  required." 
[The  italics  are  by  the  author  of  this  article.] 

The  Process  of  S.  Beer. 

Quite  recently  attention  has  been  called  to  a  process  for  preserv- 
ing timber,  invented  by  S.  Beer,  in  New  York.  The  same  consists 
in  the  treatment  of  the  wood  in  a  boiling  solution  of  borax  in  water, 
and  came  to  our  notice  through  a  German  periodical  of  last 
year.*  It  is  claimed  therein  that  all  the  putrefiable  substances  are 
eflfectually  removed  by  the  borax ;  moreover,  it  is  held  that  the 
ligneous  fascicles  become  harder  and  less  absorbent,  that  the  treat- 
ment protects  the  wood  from  insects,  keeps  it  dry  and  inflammable. 
The  process  itself  is  carried  out  in  the  following  manner :  In  a 
vessel  of  wood  or  iron  a  saturated  solution  of  borax  in  water  is 
prepared,  the  quantity  of  which  must  be  sufficient  to  cover  the 
timber.  The  temperature  of  the  solution  is  then  raised  to  the  boil- 
ing point,  either  by  introducing  steam  or  otherwise.  This  is  kept 
up  for  two  to  twelve  hours,  according  to  the  porosity  and  density 
of  the  timber,  when  the  operation  is  repeated  with  a  new  and  con- 
centrated solution.  At  this  time,  the  wood  is  only  kept  for  half 
the  period  in  the  liquid.  It  is  now  withdrawn,  and  when  dry,  is 
ready  for  use  should  its  hardness  and  color  not  present  objections. 

Let  us  now  examine  this  process  a  little  closer.  The  fact  that 
borax  is  soluble  in  about  twelve  parts  of  its  weight  of  cold  water, 
makes  this  process  inapplicable  for  structures  which  are  to  be 
exposed  to  terrestrial  or  meteoric  waters,  for  the  reason  that  the 
intended  protective  coating  will  be  slowly  removed.  Again,  borax 
being  of  a  hygroscopic  nature,  if  not  refined  with  the  utmost  care, 
will  soon  absorb  water,  and  thus  leave  the  wood  in  a  damp,  instead 
of  a  dry  state.  Naturalists  in  selecting  borax  crystals  for  their 
collections,  well  know  that  they  have  to  coat  them  with  a  varnish, 
or  otherwise  they  would  soon  become  white  and  opaque,  on  account 
of  their  affinity  for  water.  But  a  still  more  serious  objection  against 
this  process  consists  in  the  property  of  alkaline  fluids,  such  as  a 
solution  of  borax ;  of  dissolving  or  at  least  attacking  certain  sub- 
*  The  G«werbeblatt  feor  dai  GroBsherzogthum  Hesaen.     No.  22 ;  1868. 
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stances  of  the  wood  upon  wbich  its  strength,  solidity  and  toughness, 
and  other  desired  properties  greatly  depend.  Those  substances  are 
the  so-called  incrusting  materials.  They  form  in  concentric  layers 
the  inner  walls  of  the  ligneous  cells,  they  being  abundant  in  the 
hard  woods,  and  the  stones  of  fruits,  when  they  often  fill  the  entire 
space  of  the  cell.  In  the  making  of  paper  from  wood,  all  that  is 
wanted  is  the  supple,  pliant  cell.  The  manufacturers'  attention  is 
therefore  directed  to  the  removal  of  the  non-fibrous  bodies,  which 
end  he  accomplishes  by  the  boiling  of  the  previously  reduced  wood 
in  alkaline  lyes,  but  the  paper  obtained,  though  smooth  and  elastic, 
and  capable  of  taking  the  highest  finish,  lacks  that  degree  of  firm- 
ness necessary  to  make  it  a  fitting  material  for  better  kinds  of  paper. 
In  the  course  of  this  article,  I  shall  have  occasion  to  dwell  fully  on 
the  importance  of  the  natural  resin  contained  in  timber  in  its  bear- 
ing on  the  durability  of  wood.  It  is  certainly  not  an  advantageous 
feature  of  the  above  described  process,  that  the  resin  is  altogether 
removed  by  it;  and  in  regard  to  its  claimed  superiority  in  with- 
drawing the  putrefiable  substances,  it  may  be  stated  on  good  autho- 
rity (experiments  conducted  at  the  College  of  the  City  of  New  York), 
that  not  less  than  14  per  cent,  of  the  original  amount  of  albumen 
have  been  retained  in  sawdust  after  boiling  the  same  several  times, 
and  each  time  for  hours,  with  a  saturated  solution  of  borax. 

Coal  Tar,  and  its  products,  as  preservatives  of  Wood.     The  experi- 
ments of  Professor  Rottier. 

The  products  of  the  destructive  distillation  of  carboniferous 
bodies  belonging  to  the  coal  series  have  often  been  recommended 
for  the  purpose  in  question.  Some  have  preferred  the  light,  others 
the  heavy  oils,  some  force  the  preservative  in  the  wood  while  in 
its  liquid  state,  others  endeavor  to  accomplish  the  same  end  by 
exposing  the  timber  to  its  vapors. 

It  is  not  my  intention  to  enter  into  the  history  of  the  various 
trials  and  their  results ;  with  regard  to  these,  I  refer  to  an  ably 
written  article  in  the  Scientific  American,  June  12,  1869,  entitled 
"  Coal  Tar,  and  its  products  as  preservatives  for  Wood."  My  pur- 
pose is  simply  to  relate  some  experiments  which  were  undertaken 
by  Mr.  Rottier,  Professor'of  Chemistry  at  the  University  of  Ghent, 
Belgium,  in  order  to  determine  what  ingredients  of  the  coal  tar  are 
most  effectual  in  protecting  wood  from  rot.    An  account  of  these 
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experiments  may  be  found  in  the  Breslauer  Oewerbehlatt  of  1865 
(page  152).  Bottler's  experiments  extend  over  the  following  con- 
stituents of  coal  tar : — 

1.  The  light  oil. 

2.  The  oil  containing  carbolic  or  phenylic  acid. 

3.  The  oil  containing  aniline. 

4.  The  napthalized  oils. 

5.  The  solid  resoden. 

6.  The  green,  fluorescent  oil  distilling  between  275  and  820  cen- 
tigrade, containing  pyren  and  paranaphthalin. 

(To  be  continued.) 


ON  THE  COMPUTING  AND  COMPARING  OF  INDICATOR  DIAGRAMS. 

Read  before  the  Polytecbnio  Society  of  the  Amerlcmn  Institute,  April  29th,  IMO. 

Bt  G.  H.  Babcock. 

It  is  a  fact  well  known  to  engineers,  that  by  none  of  the  ordi- 
nary methods  of  expressing  the  comparative  merits  of  different 
engines,  can  a  satisfactory  conclusion  be  reached  as  to  the  value  of 
any  peculiar  construction,  unless  all  the  conditions  and  circumstances 
under  which  the  comparison  is  made  are  precisely  similar.  The  amount 
of  coal  burnt  per  hour  per  horse-power  is  a  common  criterion, 
but  so  many  other  conditions  than  that  of  the  construction  of  the 
engines  enter  into  and  affect  the  result,  such  as  the  evaporative 
efficiency  of  the  boiler,  the  quality  of  the  fuel,  the  load,  the  amount 
of  protection  to  the  boilers  and  pipes,  from  radiation,  etc.,  that  it 
afifords  no  just  criterion  by  which  to  judge  the  perfection  of  the 
engine  alone,  unless  these  several  conditions  are  all  equal  in  the 
classes  in  which  a  comparison  is  desired. 

The  amount  of  water  required  per  hour  per  horse-power  gives  a 
much  nearer  approximation  to  the  relative  value  of  different  engines; 
bat  in  this  comparison,  also,  it  is  necessary  that  the  load  relative  to 
the  capacity  of  the  engine,  the  quality  of  the  steam,  whether  dry 
or  wet,  and  all  the  exterior  conditions  should  be  precisely  similar, 
10  render  the  comparison  just.  But  even  when  the  exterior  condi- 
tions are  similar,  neither  of  these  tests  give  any  result  by  which 
can  be  determined,  save  by  inference,  the  relative  advantages  of 
different  mechanical  arrangements  or  proportion  of  parts.  It  being 
almost  impossible,  except  by  special  construction  for  the  purpose 
of  experiment,  to  find  two  engines  under  circumstances  where  the 
sole  difference  is  in  some  specific  point  of  arrangement  or  propor- 
tion, the  precise  effect  of  that  difference  cannot  be  determined  by 
the  consumption  of  fuel  or  water. 
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The  use  of  the  indicator  is  the  most  satisfactory  way  yet  devised 
for  ascertaining  the  relative  efficiency  of  various  constructions  and 
styles  of  engines,  under  differing  conditions ;  the  shape  of  the  dia- 
grams produced  by  this  instrument  giving  to  a  practiced  eye— but 
only  to  such — an  indication  of  the  relative  perfection  of  the  valve- 
motion,  the  size  of  the  passages,  and  the  general  efficiency  of  the 
machine.  But  it  is  desirable  to  be  able  to  compute  these  diagrams 
in  some  wav  which  will  give  a  mathematical  expression  of  their 
several  grades  of  efficiency,  and  thus  enable  us  to  express  the  com- 
parative values  of  diffisrent  forms  of  construction,  independent  of 
the  varying  conditions  under  which  the  diagrams  have  been  taken, 
and  a  method  of  accomplishing  this  object  forms  the  subject  of  the 
present  investigation. 

It  is  evident  that  an  engine  which  has  no  losses  from  clearance, 
condensation  or  leakage,  which  takes  the  steam  at  boiler  pressure 
until  the  point  of  cut-off,  expanding  in  accordance  with  the  hyper- 
bolic formula,  exhausting  at  the  end  of  the  stroke  to  atmospheric 
pressure,  or  to  perfect  vacuum,  according  as  it  is  condensing  or  non- 
condensing,  performing  the  back  stroke  with  no  backpressure  (back 
pressure  being  reckoned  from  atmosphere  if  non-condensing  or 
vacuum  if  condensing),  and  compressing  if  at  all,  on  the  hyperbolic 
curve,  would  give  the  utmost  power  which  could  be  obtained  prac- 
tically from  that  amount  of  steam  used  under  that  pressure  and 
degree  of  expansion.  And  it  being  self  evident  that  the  engine 
which  approaches  nearest  in  its  action  to  the  above  has  the  best 
proportions  and  arrangement  of  its  mechanism,  we  will  adopt  it  as 
I  a  standard  and  proceed  to  institute  a  comparison  of  the  diagram 

j  made  by  a  given  engine,  with  this  standard  engine  having  the  same 

!  capacity  (including  clearance)  and  using  the  same  amount  of  steam 

!  with  the  same  boiler  pressure ;  that  is,  we  propose  to  compare  each 

diagram  with  a  diagram  calculated  for  a  theoretically  perfect  engine 
I  under  precisely  similar  circumstances. 

I  The  amount  of  steam  expended  in  producing  the  power  devel- 

I  oped  in  any  particular  case,  is  measurable  in  two  ways :  by  the 

I  amount  which  enters  the  cylinder,  and  by  the  amount  which  is  dis- 

i  charged  therefrom.     Had  we  the  exact  means  of  measuring  either 

I  of  these  quantities,  we  should,  of  course,  find  them  precisely  equal ; 

I  but  owing  to  the  unavoidable  condensation  within  the  cylinder,  part 

of  which  is  recivaporated  during  expansion,  and  of  more  or  less 
leakage  into  the  cylinder  after  the  valves  are  closed,  the  indicator 
I  diagiam  nearly  always  shows  an  apparently  greater  quantity  of 

steam  exhausted  than  received.  The  exact  point  of  cut-off  or  sup- 
pression is,  in  most  cases,  also  very  difficult  of  determination  by 
means  of  the  diagram,  while  it  is  not  difficult  to  decide  upon  the 
point  of  exhaust,  with  sufficient  accuracy  for  our  present  purpose; 
consequently  a  nearer  approximation  to  the  true  amount  of  steam 
used  may  be  obtained  by  measuring  the  steam  exhausted  than  by 
the  induction. 
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fiat  it  should  be  remarked  here,  that  the  indicator  diagram  does 
hot  show  the  full  quantity  of  steam  used  under  any  circumstances ; 
as  there  is  more  or  less  water  evaporated  from  the  interior  surfaces 
of  the  cylinder  during  the  return  stroke  of  the  piston,  while  the 
exhaust  valve  is  open,  the  steam  from  which  evaporation  does  not 
show  on  the  diagram,  but  nevertheless  carries  off  a  quantity  of  heat 
that  has  to  be  replaced  by  the  condensation  of  more  live  stieam, 
while  the  induction  valve  is  open,  on  the  return  stroke,  and  this 
steam  also  is  unrepresented  upon  the  diagram.  Again,  there  may 
be,  and  often  is  a  leak  from  the  cylinder  either  past  the  piston  or 
exhaust  valve,  during  the  forward  stroke,  which  may  be  detected 
by,  but  is  not  measurable  upon,  the  diagram,  although  a  leak  into 
the  cylinder  is  shown  by  a  higher  terminal  pressure.  There  is,  con- 
sequently, a  quantity  of  steam  used  which  it  is  impossible  to  estimate 
by  means  of  the  indicator  alone,  the  effect  of  which  upon  this  inves- 
tigation will  be  considered  hereafter. 

Having  assumed,  therefore,  that  the  terminal  pressure  represents 
a  sufficiently  near  approximation  to  the  quantity  of  steam  used  in 
developing  the  power  represented  by  the  diagram,  we  will  proceed 
to  construct  a  diagram  of  a  theoretical  engine  of  the  same  capacity, 
including  clearance,  as  the  engine  under  consideration,  and  having 
the  same  terminal  pressure.     But  in  order  to  do  this,  we  must  first 
know  the  pressure  of  steam  in  the  boiler,  and  the  clearance  in  the 
cylinder  and  passages.     The  former  is  generally  given  on  the  dia- 
gram, and,  where  practicable,  should  be  corrected  by  testing  the 
gauge  with  the  indicator  spring.   The  clearance  is,  however,  rarely 
given,  and  varies  in  different  engines  from  Xi  to  10  per  cent,  of  the 
space  swept  through  by  the  piston  in  one  stroke.     If  we  have  the 
drawings  of  the  engine  we  can  calculate  it ;  if  we  know  the  style 
of  engine  we  can  approximate  it ;  and  if  there  is  any  compression, 
we  can  estimate  it  from  the  diagram,  by  assuming  any  two  conve- 
nient points  in  the  curve,  measuring  the  pressure  from  absolute 
vacuum  at  those  points,  and  their  distance  from  a  line  vertical  to 
the  vacuum  line,  and  touching  the  end  of  the  card ;  thus  in  Fig.  1, 
let  ^  ■■  pressure  and  d=  distance  of  the  first  point,  or  the  one  far- 
thest from  the  end  of  the  diagram,  p'  and  d^  =  respectively  the 
same  quantities  for  the  other  point,  and  x  =  the  clearance,  then 

{x  +  d)p  =  (a:  +  d')p'  and  thence  we  have  the  formula  x  =^^-— ,— -t- — 

p  and  d  may  be  measured  in  any  convenient  scale,  and  x  will  be  in 
the  same  scale  as  d.  Or  we  may  determine  the  clearance  geomet- 
rically by  the  following  construction ;  (see  Fig.  2.)  Assume  two 
points  A  and  B  in  the  compression  curve,  and  connect  them  by  a 
right  line  a  b,  continuing  this  line  until  it  cuts  the  line  of  no  pres- 
sure, F  B  at  E.  Draw  A  d  and  B  o  perpendicular  to  F  E,  and  make 
P  D  ::=•  c  E.  Then  F  is  the  end  of  the  theoretical  diagram  including 
clearance,  and  the  distance  of  f  from  the  boundary  of  the  indicator 
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I  diagram  is  the  clearance  in  the  scale  of  the  length  of  the  diagram, 

t  which  represents  the  stroke  of  the  piston. 

p  Having  determined  the  clearance,  we  proceed  to  lay  out  the 

^'^  theoretical  diagram  as  follows :  We  first  draw  a  line  representing 

f^r  the  boiler  pressure,  which  is  given  in  the  scale  of  the  instrument, 

^  and  also  a  line  of  no  pressure  or  perfect  vacuum,  at  14*7  pounds 

\^_  from  the  atmospheric  line,  unless  the  true  barometric  reaoing  is 

?;  given.    We  then  divide  the  length  of  the  diagram,  including  clear- 

k  ance,  into  a  number  of  equal  parts,  generally  ten,  though  any  number 

f:  will  answer.    We  next  measure  the  pressure  at  the  point  of  exhaust, 

which  is  usually  a  little  before  the  end  of  the  stroke,  and  find  the 

terminal  pressure  therefrom  either  by  the  inverse  proportion  of 

the  distance  from  the  commencement  of  the  diagram  to  the  whole 

{  length,  or  by  the  method  shown  in  Fig.  3,  in  which  A  B  is  the  length 

*  of  the  diagram  including  clearance,  and  the  lino  of  no  pressure,  and 
I  D  is  the  point  of  exhaust.    Draw  D  E  parallel  to  A  B,  and  join  a  £ 

•  cutting  D  c  at  r.  Then  draw  F  g  parallel  to  A  B,  and  B  o  will  rep- 
resent the  true  terminal  pressure,  or  in  other  words,  the  tension  at 
which  a  quantity  of  steam  equal  to  the  whole  capacity  of  the  cyl- 
inder and  clearance  is  discharged  at  the  termination  of  the  stroke. 

Having  thus  found  the  terminal  pressure,  the  pressure  at  any 
other  point  of  the  stroke  is  easily  found  by  the  usual  formula,  or 
what  is  known  as  Mariotte's  law,  in  which  the  pressure  increases 
inversely  as  the  distance  from  the  commencement  of  the  stroke. 
Where  there  are  ten  divisions  of  the  diagram,  the  several  ordinates 
of  the  expansion  curve  may  be  obtained  by  multiplying  the  termi- 
nal pressure  by  the  following  series  of  numbers:  1",  1*11,  1*25, 
1-429,  1-667,  2-,  2-6,  3-383,  5-,  10.  Having  found  the  theoretical 
pressure  at  each  of  the  several  divisions  of  the  diagram,  we  then 
trace  a  curve  through  these  points,  and  where  the  curve  thus  found 
intersects  the  line  of  boiler  pressure,  is  the  point  of  theoretical  cut- 
oft'  at  which  the  admission  of  steam  must  be  suppressed  in  our 
theoretical  engine  to  give  the  same  terminal  pressure. 

On  the  return  stroke,  if  there  is  no  compression,  the  theoretical 
diagram  will  follow  along  the  atmospheric  line  or  the  line  of  abso- 
lute vacuum,  according  as  the  engine  from  which  the  diagram  was 
taken  is  non-condensing  or  condensing,  and  will  extend  to  the  clear- 
ance line,  and  up  that  to  boiler  pressure.  But  if  the  exhaust  valve 
closes  before  the  end  of  the  return  stroke,  and  a  quantity  of  steam 
is  imprisoned  in  the  cylinder  to  form  a  cushion,  then  so  much  of 
the  cylinder  full  of  steam  as  is  thus  imprisoned,  is  not  discharged, 
but  remains  in  the  cylinder,  and  must  be  allowed  for  in  our  theo- 
retical diagram.  We  therefore  draw  a  hyperbolic  curve  tangent 
to  the  actual  compression  line,  and  extending  to  the  line  of  boiler 
pressure,  which  curve  forms  the  boundary  of  the  theoretical  "card." 
If  the  engine  is  condensing,  this  curve  will  also  extend  to  the 
exhaust  line,  and  will  form  the  boundary  of  the  theoretical  diagram 
both  on  the  bottom  and  at  the  end.    If  non-condensing  the  atmos- 
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pheric  line  will  bound  the  diagram  until  it  intersects  the  compres- 
sion curve. 

We  now  have  two  diagrams  tangent  at  two  points — the  compres- 
sion and  exhaust — ^the  one  alwavs  larger  and  enclosing  the  other. 
The  inner  one  represents  what  the  steam  actually  performed  in  the 
engine,  the  outer  one  what  the  same  amount  of  steam  should  have 
done  in  a  perfect  engine  of  the  same  capacity ;  and  the  proportion 
which  the  area  of  the  smaller  bears  to  the  larger,  gives  a  very  good 
idea  of  the  relative  perfection  of  the  mechanism  which  was  used 
for  developing  the  power  of  the  steam.  This  may  be  expressed  in 
percentage  of  the  theoretical,  and  a  collection  of  diagrams  so  figured, 
the  arrangement  of  valve-gear  in  each  case  being  fully  noted,  is 
very  instructive. 

To  facilitate  the  construction  of  these  theoretical  diagrams,  Mr. 
A.  H.  Raynal  has  devised  the  scales  shown  in  Figs.  4  and  5.  Fig. 
4  is  for  laying  oJQF  the  hyperbolic  curve  of  expansion  with  rapidity 
and  without  the  mental  effort  incidental  to  mathematical  calculations. 
It  is  simply  a  series  of  secants  numbered  from  the  vertical,  whose 
tangents  are  to  each  other  inversely  as  their  numbers.  In  using 
this  scale,  which  answers  for  all  scales  of  pressure,  and  any  number 
of  divisions  of  the  diagram,  we  take  the  terminal  pressure  in  the 
dividers,  or  on  a  slip  of  paper,  and  find  with  which  of  the  vertical 
lines  it  corresponds,  at  the  secant  corresponding  with  the  number 
of  parts  into  which  the  diagram  is  divided ;  and  each  of  the  other 
pressures  will  be  found  at  the  intersection  of  its  corresponding  secant 
with  the  same  vertical  line,  and  may  be  transferred  directly  to  the 
divisions  of  the  diagram.  Should  the  number  of  divisions  exceed 
ten,  the  dotted  secants  are  used.  They  also  serve  for  semi-divisions 
of  the  diagram,  where  accuracy  requires  them ;  as  where  the  point 
of  cut-off  IS  quite  early  in  the  stroke.  It  is  not  essential  to  deter- 
mine the  terminal  pressure  in  all  cases,  but  frequently  it  will  be 
sufficient  to  take  the  pressure  at  the  9th,  or  any  convenient  division, 
and  from  that  point  lay  off  the  curve  each  way. 

Fig.  5  is  a  device  for  laying  off  the  divisions  of  the  diagram, 
including  clearance,  the  length  of  diagram  and  percentage  of  clear- 
ance to  stroke  being  known.  It  is  a  diagonal  scale  with  one  of  the 
divisons  subdividedin  a  progressive  ratio.  In  using  it,  the  length 
of  the  indicator-diagram  is  taken  on  a  slip  of  paper,  and  so  placed 
upon  the  scale,  that  while  horizontal  one  end  rests  upon  the  subdi- 
vision which  represents  the  percentage  of  clearance,  while  the  other 
end  is  at  the  extreme  line  of  the  scale ;  the  several  principal  divisions 
of  the  scale  are  then  marked  on  the  slip  of  paper,  the  distance  of 
the  exterior  line  from  the  percentage  subdivison  mark  being  the 
clearance  in  the  same  scale  as  the  stroke.  Where  the  length  includ- 
ing clearance  is  given,  this  scale  is  used  simply  as  a  proportional 
scale  of  parts.  With  this  is  given  a  scale  of  14'7  pounds  in  various 
scales  of  pressure,  a  very  convenient  adjunct  for  laying  down  the 
line  of  no  pressure  or  perfect  vacuum. 

Let  us  now  consider  briefly,  the  effect  of  condensation  and  leak- 
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age  of  the  piston  or  exhaust  valves ;  and  whether  these  so  modify 
the  results  obtained  by  this  mode  of  comparison  as  to  render  it  of 
little  value. 

Of  course,  any  cause  which  lowers  the  terminal  pressure,  will 
decrease  the  size  of  the  theoretical  diagram  in  any  given  case,  and 
thus  give  the  engine  a  higher  than  its  proper  rate.  Leakage  from 
the  cylinder  produces  this  effect,  and  when  this  exists  to  any  con- 
siderable extent,  the  diagrams  are  worthless  for  any  other  purpose 
than  as  a  measure  of  power.  As  the  amount  of  such  leakage  is 
not  measurable  upon  the  diagram,  it  is  important,  when  diagrams 
are  taken  for  the  above  investigation,  or  in  fact  for  any  purpose, 
that  this  point  should  be  determined.  This  may  be  done  by  block- 
ing the  engine  upon  either  half  stroke,  and  letting  on  a  full  head 
of  steam.  By  then  examining  the  exhaust,  the  leakage,  if  any,  will 
be  detected,  and  may  be  measured  by  causing  it  to  be  condensed  in 
cold  water,  weighing  the  water  both  before  and  after  a  given  time ; 
or  by  noting  the  rise  in  temperature  of  a  given  weight  of  water. 

But  the  question  of  reevaporation  of  condensed  water  within 
the  cylinder  while  the  exhaust- valve  is  open,  is  not  so  easily  deter- 
mined. It  may  be,  and  has  been  measured,  by  using  a  surface 
condenser  weighing  the  water  discharged  therefrom  and  comparing 
it  with  the  weight  of  steam  exhausted,  as  determined  by  the  capa- 
city of  the  cylinder  and  passages,  and  the  specific  weight  of  steam 
at  the  terminal  pressure,  and  has  been  found  to  vary  from  9  to  50 
per  cent,  of  the  whole  amount  of  steam  used,  according  as  means 
for  its  prevention  have  been  used  or  neglected. 

This  loss,  if  measured  and  accounted  for  in  the  theoretical  dia- 
gram, would  reduce  the  apparent  rate  of  the  engine;  but  as  it 
is  nearly  the  same  in  all  cases,  having  the  same  amount  of  protec- 
tion to  the  cylinder,  and  is  in  a  measure  independent  of  the  mechan- 
ism of  the  engine,  we  may  ignore  it  in  the  foregoing  calculation, 
without  seriously  affecting  the  value  of  the  latter  as  a  means  of 
comparing  the  efficiency  of  one  engine  with  another.  But  we 
should  bear  in  mind  in  such  comparison,  that  the  eflfect  of  this 
practically  unavoidable  loss  is,  in  all  cases,  to  belittle  the  perform- 
ance of  an  engine  having  a  good  degree  of  expansion  within  the 
cylinder  when  compared  with  one  having  little  or  none ;  because, 
in  the  former,  a  portion  of  the  reevaporation  occurs  during  expan- 
sion, and  enters  into  our  calculation.  We  should  also  remember 
that  when  a  steam-jacket  is  employed,  its  usefulness  is  not  fully 
apparent  in  this  mode  of  comparison,  for  the  principal  benefit  of 
the  steam-jacket  being  to  lessen  the  loss  by  condensation,  and  to 
increase  the  proportionate  reevaporation  during  expansion,  the 
saving  in  condensation  is  not  represented,  while  the  increase  of 
reevaporation  during  expansion  raises  the  terminal  pressure,  and 
thus  lowers  the  percentage  of  the  indicator  diagram. 

It  will  be  seen  that  in  this  mode  of  comparing  the  performance 
of  engines,  the  questions  of  the  relative  economy  of  expansion  or 
non-expansion,  of  high  or  low  pressure,  condensing  or  non-conden- 
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sing,  are  not  mooted ;  the  comparison  merely  being  as  to  the  rela- 
tive value  of  the  mechanical  arrangement  for  utilizing  the  steam 
used  at  the  particular  pressure,  and  degree  of  expansion,  and  under 
the  circumstances  which  are  employed  in  the  engine.  But  it  clearly 
shows  why  an  engine  which  aamits  the  steam  at  or  near  boiler- 
pressure,  and  automatically  cuts  it  off  at  a  point  in  the  stroke  pro- 
portionate to  the  load,  is  more  economical  than  one  which  has  a 
fixed  or  no  cut-ofiF,  and  a  variable  load,  the  power  and  speed  being 
regulated  by  a  throttle- valve.  It  also  shows  graphically  the  benefit 
of  large  passages  and  pipes,  a  tight,  quick  moving  valve,  and  a 
proper  amount  of  compression. 

This  mode  of  expressing  the  value  of  mechanical  arrangetnents 
in  steam-engineering,  was  first  published,  it  is  believed,  in  a  pam- 
phlet issued  by  the  firm  of  which  the  writer  is  a  member,  about  a 
year  ago.  As  it  was  not  practicable  in  the  limits  of  an  advertising 
pamphlet  to  fully  elucidate  the  grounds  upon  which  the  comparison 
was  based,  and  because  many  even  among  the  profession  do  not 
seem  to  understand  the  mode  of  delineating  the  theoretical  diagram, 
I  have  taken  the  present  occasion  to  enter  into  a  more  explicit 
description  and  explanation  of  what  I  believe  to  be  a  new  and  inte- 
resting investigation. 

In  the  foregoing,  I  have  assumed  that  steam  expands  according 
to  Mariotte's  law,  for  the  reason  that  were  it  a  perfect  gas  instead 
of  vapor,  it  would  follow  that  law  in  its  expansion,  and  it  is  not 
improper,  for  the  purpose  of  comparison,  to  so  consider  it;  while 
that  law  admits  of  a  ready  construction  of  the  theoretical  diagram 
without  the  necessity  of  tables  or  pressures,  or  the  use  of  logarithms. 
But  should  any  one  prefer  to  use  the  modified  law  of  expansion  of 
steam  deduced  from  the  experiments  of  Regnault,  the  Franklin  Insti- 
tute and  others,  it  can  be  done  by  employing  the  tables  of  pressures 
and  volumes  given  in  most  collections  of  engineering  formulas.  To 
facilitate  this,  I  have  constructed  the  scale  shown  in  Fig.  6,  which 
is  a  series  of  expansion-curves,  as  per  such  tables,  laid  down  to 
different  scales  of  pressures.  The  terminal  pressure  having  been 
ascertained,  the  same  is  found  on  the  curve  having  the  same  scale 
of  pres^re  as  the  indicator  diagram.  The  distance  between  that 
point  in  the  curve  and  the  line  of  no  volume  is  then  divided  into  as 
many  divisions  as  there  are  in  the  diagram,  and  at  each  division 
will  be  found  its  corresponding  pressure. 

This  curve  may  be  also  described  by  first  finding  the  ordinates 
of  a  hyperbolic  curve,  based  on  a  terminal  pressure  equal  to  the 
0-941  power  of  the  true  terminal  pressure,  and  then  extracting  the 
0-941  root  of  each  of  these  ordinates. 

The  curve  thus  found  is  always  exterior  to  that  derived  from 
Mariotte's  law,  as  is  seen  in  Fig.  7,  which  is  a  diagram  fully  devel- 
oped in  accordance  with  the  foregoing  directions,  and  with  both 
curves  of  expansion  delineated.  Several  diagrams  from  various 
engines,  compared  in  the  foregoing  manner  are  appended  to  illus- 
trate the  principle. 
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SOLAR  ECLIPSE-AUGUST  7,1869. 

The  Philadelphia  Photographic  Expedition. 

In  consideration  of  the  fact  that  the  services  of  all  members  of 
this  party  were  entirely  gratuitous,  and  that  even  much  expense 
was  saved  to  the  Government  by  the  loan  of  apparatus,  and  in 
other  ways,  through  the  means  of  its  members,  Prof.  Coffin  has  given 
his  consent  to  the  publication  of  results  obtained  by  them,  in  anti- 
cipation of  their  official  announcement  through  his  department. 
We  are  thus  enabled,  at  this  early  date,  to  furnish  our  readers  with 
a  full  account  of  all  that  was  done  by  this  expedition. — [Ed.] 

Philadelphia,  August  18th,  1869. 
Prof.  J.  H.  C.  Coffin,  U.  S.  N., 

Superintendent  of  Ntatleal  Almanao,  Washington,  B.  C. 

Sir: — On  receipt  of  your  letter  of  May  8d,  in  which  you  pro- 
posed that  I  should  undertake  the  organization  and  conduct  of  a 
party  to  make  photographic  observations  of  the  total  eclipse  of 
August  7th,  I  proceeded  to  make  inquiry  as  to  the  material  which 
might  be  available  for  the  purpose  and  in  concert  with,  and,  assisted 
by  yourself  and  Prof.  E.  O.  Kendall,  found  that  we  might  readily 
procure  two  fine  Munich  Equatorials  of  6-inch  aperture,  and  with 
clockwork,  belonging  respectively  to  the  High  School  of  this  city 
and  the  Pennsylvania  College  at  Gettysburg,  and  also  an  excellent 
DoUand  of  4-inch  aperture  equatorially  mounted,  but  without 
clockwork,  belonging  to  the  University  of  Pennsylvania  in  this 
city. 

On  further  consultation  with  yourself,  it  was  concluded  that  on 
account  of  the  risk  of  local  clouds,  it  would  be  desirable,  if  possible, 
to  take  all  these  instruments  and  distribute  them  over  some  dis- 
tance on  or  near  the  central  line. 

On  careful  reflection,  I  came  to  the  conclusion  that  at  least  five 
skilled  operators  would  be  necessary  to  each  instrument,  and  that, 
therefore,  something  must  be  done  to  diminish  the  expense  of 
transportation,  or  the  government  appropriation  available  for  this 
department  of  the  general  eclipse  observations,  would  be  insuffi- 
cient. 

It  also  appeared  that  some  arrangement  by  which  trans-shipment 
of  the  numerous  weighty  and  delicate  pieces  of  apparatus  might  be 
avoided,  would  be  highly  conducive  to  success  and  security. 
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I  therefore  called  upon  my  friend,  Mr.  E.  H.  Lamborn,  Secretary 
of  the  American  Steel  Manufacturing  Company,  whose  extensive 
connection  with  our  great  lines  of  interior  transportation  would 
give  him  opportunity  of  affording  the  best  advice,  and  explained 
to  him  my  ideas.  He  went  with  me  at  once  to  Col.  Thomas  A. 
Scott,  Vice-Presidenf  of  the  Pennsylvania  Central  Railroad,  and 
stated  the  case  to  him  with  admirable  brevity  and  precision. 

Col.  Scott,  with  the  greatest  kindness,  acceeded  at  once  to  our 
request,  and  promised  to  provide  us  with  a  special  car,  from  which 
some  seats  should  be  removed  to  accommodate  our  apparatus,  and 
which  should  go  with  us  to  the  end  of  our  route,  and  there  remain 
until  our  return.  Free  transportation  over  the  entire  route  of  the 
Pennsylvania  Central  and  Ft.  Wayne  Railroads  {i.  e.,  as  far  as  Chi- 
cago,) for  our  party,  and  several  others  beside,  was  included  in  or 
added  to  this  generous  gift. 

I  then  wrote  to  Mr.  Robert  Harris,  of  Chicago,  General  Superin- 
tendent of  the  Chicago,  Burlington  and  Quiney  Railroad,  asking 
him  to  forward  our  car  and  its  contents  over  the  road  in  his  charge. 
To  this  he  also  most  kindly  agreed,  and,  in  fact,  facilitated  our 
movements  in  every  way,  sending  a  locomotive  to  meet  us  at  the 
intersection  of  his  road  with  the  Pittsburgh,  Fort  Wayne  and  Chi- 
cago line,  and  carrying  us  to  the  depot  for  Burlington  on  our  way 
out,  when  we  were  pushing  through  rapidly,  and  transferring  our 
vehicle  again  on  our  return  journey.  Mr.  Norton,  from  Mr.  Har- 
ris' office,  also  met  us  at  the  junction,  to  explain  the  proposed  dis- 
position, and  kindly  acted  as  our  guide  through  the  city. 

Provision  being  thus  made  for  transportation,  by  which  an  ex- 
pense of  about  $15,000  was  spared  to  the  government  appropria- 
tion, the  plan  of  taking  out  a  triple  party  became  feasible,  and  was 
accordingly  adopted. 

The  next  point  was  the  selection  of  the  party,  and  this  was  pro- 
ceeded with  at  once,  communications  being  exchanged  with  many 
of  OUT  leading  photographers  and  others,  to  learn  their  views  and 
inclination.  It  was  soon  found  that  an  excellent  selection  might 
be  had  from  among  those  whose  position  or  engagements  would 
allow  them  to  volunteer  without  other  compensation  than  the 
moral  one  contingent  on  success ;  and  after  a  few  changes,  rendered 
necessary  by  sickness  or  other  inevitable  cause,  the  party,  as  finally 
constituted,  consisted  of  Prof.  A.  M.  Mayer,  Ph.  D. ;  Prof.  C.  F. 
Himes,  Ph.D.;  Messrs.  J.  Zentmayer,  O.H.  Willard,  E.  L.  Wilson, 
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H.  C.  Phillips,  E.  Moelling,  J,  C.  Browne,  W.  J.  Baker,  James 
Cremer,  H.  W.  Clifford,  O.  H.  Kendall,  J.  Maboney,  W.  V. 
Ranger. 

We  were  also  joined,  as  volunteers,  on  the  ground,  by  Mr.  John 
Corbutt,  of  Chicago,  and  Mr.  Miles  Rock,  of  Bethlehem,  Pa.,  and  Mr. 
Leisenring,  of  Burlington.  Prof.  Coffin  having  suggested  that  some 
general  physical  observations  should  be  carried  out  in  connection 
with  this  party,  I  applied  to  Prof.  E.  C.  Pickering,  of  the  Massa- 
chusetts Institute  of  Technology,  Boston,  who  consented  to  take 
charge  of  these,  and  accompanied  us  to  Mt.  Pleasant,  Iowa,  as  will 
be  seen  from  a  subsequent  portion  of  this  report.  Prof.  James 
McClune,  of  the  Philadelphia  Central  High  School,  and  Prof.  S.  G. 
Guramery,  also  accompanied  the  expedition,  and  were  stationed  at 
Oscalousa. 

The  next  point  to  which  attention  was  directed,  was  the  arrange- 
ment of  the  instruments  for  their  photographic  work.  It  was  a 
question  of  much  moment,  to  decide  whether  we  would  follow  the 
plan  adopted  by  the  French  and  German  expeditions  of  last  year, 
and  make  the  photograph  in  the  principal  focus  of  the  object-glass, 
thus  securing  great  intensity  of  light  in  a  small  image,  or  follow 
the  method  employed  by  De  la  Rue  in  1860,  when  he  used  an  ordi- 
nary Hygenian  eye-piece  so  placed  as  to  produce  an  enlargement 
of  the  first  image  from  the  objective. 

After  a  careful  study  of  De  la  Rue's  report  and  pictures,  as  also 
those  of  the  later  expeditions,  I  came  to  the  conclusion  that  the 
plan  of  enlargement  presented  many  advantages,  and  should  be 
followed  by  us  with  certain  modifications,  which  I  will  proceed  to 
describe. 

The  work  of  designing  and  constructing  these  lenses,  and  also 
the  different  attachments  to  the  cameras  for  securing  exposures  of 
various  degrees  of  rapidity  from  a  very  small  fraction  of  a 
second  to  any  desired  length,  was  placed  in  the  hands  of  Mr.  Joseph 
Zentmayer,  whose  extended  scientific  attainments,  combined  with 
unrivalled  skill  in  the  construction  of  optical  instruments,  pecu- 
liarly fitted  him  for  such  a  task. 

,  The  camera,  as  finished,  is  represented  in  the  accompanying 
woodcut,  which  shows  it  as  seen  from  directly  in  front. 

Here  A  B  represents  the  face-plate  of  the  camera,  to  which  the 
eye-piece  tube  was  attached,  its  other  end  being  screwed  to  the 
telescope.     The  diaphragm  plate,  de,  moved  across  the  axis  of  the 
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instrument,  being  drawn  downwards  by  the  combined  spring,  E  F. 
The  strength  of  this  spring  could  be  reduced  by  raising  the  outer 
end  of  one  or  both  the  upper  strips  so  as  to  disengage  the  forks  at 
their  end  from  the  lower  spring,  and  then  turning  them  forward  in 
a  direction  normal  to  the  front  of  the  box,  out  of  the  way. 


The  spring  was  attached  to  the  diaphragm  plate  by  a  swivel 
hook,  which,  while  in  no  instance  falling  out,  could  be  detached 
and  readjusted  with  the  greatest  facility. 

A  number  of  diaphragm  plates  were  provided,  with  slits  respec- 
tively of  :j'5,  ^'0,  2'jj  and  j'^  of  an  inch  in  width.  These  plates  could 
be  readily  interchanged,  and,  in  combination  with  the  springs,  gave 
a  very  wide  and  yet  delicate  series  of  fixed  adjustments  for  the 
times  of  exposure. 

To  make  the  exposure,  the  plate  was  drawn  up  until  the  project- 
ing pin,  D,  could  be  caught  on  the  lever,  x,  which  would  then 
retain  it.  On  depressing  the  outer  end  of  this  lever,  however,  with 
the  finger,  the  hold  on  the  pin  was  disengaged,  and  the  plate  flashed 
across  the  axis  of  the  tube,  allowing  light  to  traverse  the  narrow 
slit  as  it  flew  past.     The  plate  was  then  arrested  on  the  end  of  the 
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second  lever,  G.  When  an  exposure  of  some  seconds  was  reqoired, 
as  during  the  totality,  a  plate  having  a  round  orifice  exposing  the 
entire  field  of  the  eye-piece  was  substituted  for  the  one  with  the 
narrow  slit,  and  was  so  arranged  that,  when  caught  by  the  upper 
lever,  it  covered  the  lens,  but  when  fallen  to  the  second  lever,  ex- 
posed it  entirely;  when,  however,  this  lever  was  in  turn  touched, 
the  plate  descended  again  far  enough  once  more  to  close  the  lens. 
By  touching  these  two  levers  in  succession,  it  was  then  possible  to 
make  a  "time  exposure"  with  great  nicety  and  accuracy,  as  proved 
by  actual  experience  during  the  eclipse. 

To  secure  a  cbronographic  record  of  each  exposure,  a  binding 
screw  was  provided  to  make  one  connection  with  the  general  mass 
of  the  face-plate  including  lever  K,  and  another  at  L,  to  carry  on 
the  circuit  when  the  downward  motion  of  the  lever  brought  the 
spring  at  its  side  in  contact  with  the  point  projecting  from  L.  In 
raising  the  lever  for  a  new  exposure,  the  spring  at  its  side  was  pressed 
back  so  as  to  pass  the  point  without  contact.  A  more  substan- 
tial break-piece  would  have  been  made,  had  time  allowed,  but  this 
was  found  to  operate  in  a  perfectly  satisfactory  manner. 

As  the  operation  of  the  eye-piece,  when  employed  to  produce  an 
image  on  the  screen  or  ground  glass  of  a  camera,  is  essentially  dif- 
ferent from  that  which  it  performs  in  its  usual  office,  it  was  judged 
best,  by  Mr.  Zentmayer,  to  make  some  alterations  in  its  form. 
Thus,  in  the  first  place,  since  in  the  present  case  the  "  eye-lens  "  of 
the  eye-piece  undoubtedly  makes  a  secondary  image  of  the  primary 
image  formed  within  the  eye-piece  by  the  combined  action  of  the 
objective  and  the  field  lens  of  the  eye-piece,  it  is  clearly  desirable 
to  make  this  lens  of  a  longer  focus  than  usual,  so  that  its  errors 
may  be  of  less  account.  It  was  also  essential  to  give  the  new  eye- 
piece a  wide  angle,  so  as  to  secure  a  sufficient  field  not  only  for  the 
solar  disc,  but  also  for  the  corona. 

While,  therefore,  the  ratio  of  focal  lengths  in  the  two  lenses  of 
the  ordinary  eye  piece  is  usually  1*3,  it  was,  in  this  case,  as  1*2. 
While  the  distance  between  the  lenses  is  usually  the  sum  of  their 
focal  lengths  divided  by  2,  it  was  here  made  equal  to  the  sum  of 
the  focal  lengths  divided/ by  2,  plus  -24  inch.  This  was  to  give 
space  for  the  introduction  of  the  reticule  of  spider  lines  which 
would  otherwise  have  been  brought  too  near  the  field  lens,  and 
also  to  keep  this  lens  beyond  the  conjugate  focus  of  the  eye  lens, 


Digitized  by  VjOOQ IC 


Solar  Eclipse.  205 

as  otherwise  particles  of  dust  on  the  former  would  have  been  too 
faithfully  portrayed  by  the  latter. 
The  elements  actually  adopted  were  as  as  follows  : — 

ft  in. 

Focal  length  of  ObjectWe 8  6 

Radius  of  Field  Lens 1-875 

•*  Eye  Lens 0-687 

Focus  of  Field  Lens 2-6 

Diameter  of  Field  Lens  (=R) •  1-876 

Focus  of  Eye  Lens , ,....,...  1-8 

Diameter  of  Eye  Lens  (=R) - 0-687 

Distance  between  Lenses,  1-95  +  0*26 2-2 

Equivalent 1-76 

Distance  of  Beticule  from  Eye  Lens  for  5-inch  distance  of 
ground  glass 1  -62 

The  reticule  was  mounted  on  a  short  tube  with  a  fine  thread  on 
the  outside  running  in  a  corresponding  thread  on  the  inside  of  the 
eye-piece  tube.  This  being  approximately  adjusted  beforehand, 
was  moved  to  its  exact  place  by  turning  it  with  a  sharp  point 
through  a  little  slot  cut  in  the  eye-piece  tube. 

One  of  the  cameras  with  its  eye-piece,  being  finished,  experi- 
ments were  at  once  made  with  the  telescope  of  the  University  of 
Pennsylvania,  which  by  reason  of  its  smaller  size,  was  most  readily 
available  for  such  purpose.  These  were  conducted  by  Mr.  Willard, 
Mr.  Zentmayer,  and  myself,  at  the  establishment  of  Mr.  Willard, 
1206  Chestnut  Street,  where  all  conveniences  for  the  work  were 
at  hand,  and  were  of  the  greatest  value  in  affording  data  on  which 
the  construction  of  the  other  apparatus  could  be  based. 

It  was  found  that,  with  a  clear  sun,  it  was  necessary  to  reduce 
the  aperture  of  this  telescope  (which  was  4  inches,  with  50  inches 
focus,)  to  1|  inches,  and  to  use  all  three  springs  and  the  diaphragm* 
slide  of  ,^5  inch  aperture,  in  order  to  get  a  proper  exposure  when 
the  solar  image  was  enlarged  from  '6  inch  (its  diameter  at  the  prin- 
cipal focus  of  the  objective)  to  2  J  inches  ou  the  ground  glass.  The 
same  size  of  aperture  was  adopted  for  the  larger  instruments  during 
the  partial  phases,  the  entire  aperture,  in  all  cases,  of  course,  being 
used  during  totality. 

There  being  no  place  in  the  city  where  the  larger  instruments 
could,  with  convenience,  be  set  up,  adjusted,  and  practiced  with  by 
the  party  who  were  to  use  them,  I  applied  to  Mr.  John  Sellers  for 
permission  to  use  a  very  conveniently  located  portion  of  his  grounds 
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in  West  Philadelphia,  and  having  prepared  a  design  for  a  tempo!*- 
ary  building,  (with  roof,  in  part,  removable  by  sliding,)  caused  it  to 
be  erected,  and  had  the  large  instruments  set  up  in  it. 

Matters  being  thus  far  advanced,  Prof  A.  M.  Mayer,  Ph.  D.,  of 
the  Lehigh  University,  Bethlehem,  Pa.,  who  had  agreed  to  join  our 
party,  came  down  to  the  city  and  spent  some  days  here,  during 
which  the  telescopes  were  adjusted  by  him,  in  a  very  perfect  man- 
ner, by  a  rapid  and  convenient  method,  which  has  been  made  the 
subject  of  a  full  discussion  by  him,  as  will  be  seen  in  his  own 
report  appended  hereto. 

A  number  of  experiments  were  made  by  Mr.  Willard,  at  this 
time,  in  photographing  the  moon,  which  were  of  great  value  in 
settling  the  time  of  exposure  which  would  probably  be  required  in 
the  total  phase. 

He  found  that  a  good  impression  could  be  obtained  of  the  full 
moon  in  about  one  minute,  and  that  an  abundantly  strong  one 
could  be  secured  with  an  exposure  of  three  minutes.  From  this 
and  the  deductions  of  De  la  Rue,  that  the  light  of  the  prominences 
was  180  times  as  great  as  that  of  the  full  moon,  it  appeared  that  an 
exposure  of  from  J  of  a  second  to  1  second,  during  totality,  would 
have  been  suflicient  to  secure  images  of  these  bodies.  For  the 
corona,  of  course  a  much  longer  exposure  would  be  required;  but 
no  estimate  could  be  made  as  to  what  would  be  its  duration. 

In  connection  with  these  experiments,  it  is  but  just  that  I  should 
call  attention  to  the  unwearied  patience  and  enthusiastic  energy 
with  which  Mr.  Willard  devoted  himself  to  the  prosecution  of 
this  preliminary  work.  Day  and  night,  whenever  any  observa- 
tions were  to  be  made,  or  any  experiments  tried,  he  was  on 
the  grdund,  and  on  certain  occasions  displayed  an  energy  and  de- 
termination, combined  with  sound  judgment,  seldom  to  be  encoun- 
tered. Thus,  it  becoming  desirable  to  shift  the  position  of  the  building 
in  which  the  telescopes  were  placed,  he  arranged  and  accomplished 
this  in  a  most  successful  manner,  though  the  operation  was  con- 
sidered, by  the  professional  builders  present,  impossible  without 
derangement  of  the  instruments. 

Mr.  O.  H.  Kendall  also  rendered  invaluable  services  in  connec- 
tion with  the  preliminary  arrangements. 

Much  interruption  was  experienced  from  bad  weather  after  this, 
but  the  rainy  days  were  utilized  by  Mr.  Zentmayer  in  putting  the 
driving  clocks  of  both  instruments  (which  were  in  very  bad  order) 
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in  admirable  adjustment,  so  that,  on  the  few  occasions  that  the  sun 
(ftcf  shine,  enough  work  was  done  by.  the  rest  of  the  party  to  make 
them  familiar  with  the  necessary  manipulations. 

The  instruments  were  dismounted,  boxed,  and  packed  in  the  spe- 
cial car  furnished  us  by  Col.  Scott,  on  Saturday,  July  31,  when  it 
was  found  that,  with  the  various  photographic  appliances,  they 
made  no  less  thaii  five  furniture  car  loads  of  material. 

On  Monday,  August  2d,  we  started,  and  on  Wednesday,  the  4th, 
about  noon,  reached  Burlington,  Iowa,  on  the  bank  of  the  Missis- 
sippi. 

In  arranging  the  division  of  our  party  into  three  sections,  with 
the  three  telescopes,  so  that  they  might  be  distributed  along  the 
line  of  totality,  and  thus  diminish  the  chance  of  universal  extinc- 
tion by  local  clouds.  I  was  chiefly  guided  by  the  desire  of  securing 
in  each  section  such  a  diversity  of  special  ability  as  might  make 
each  self-dependent  and  complete;  also,  to  leave  nothing  undone  to 
secure  content  and  harmony  of  feeling.  I  assigned  myself  to  the 
University  telescope,  which,  being  of  smaller  size,  and  without 
clockwork  movement,  could  not  be  expected  to  do  as  good  work 
as  the  others;  though,  should  they  by  chance  be  overclouded,  its 
result  would  be  invaluable. 

I  therefore  divided  the  party  as  follows: — 

With  the  High  School  telescope,  6-inch  aperture,  9  feet  focal 
length,  Prof.  A.  M.  Mayer,  Ph.  D.,  and  Mr.  O.  H.  Kendall  in  charge 
of  the  adjustment  of  the  instrument  and  management  of  the  appa- 
ratus for  exposures,  and  Messrs.  O.  H.  Willard,  H.  C.  Phillips,  and 
J.  Mahoney  having  charge  of  the  entire  photographic  work.  This 
section  was  stationed  at  Burlington,  40°  48'  17''  N.,  0  h.  56  m.  14  s. 
West  of  Washington. 

With  the  Gettysburg  telescope,  6-inch  aperture,  8|  feet  focal 
length,  Prof.  C.  F.  Himes,  Mr.  J.  Zentmayer,  and  Mr.  E.  Moelling 
in  charge  of  the  instrument,  &c.,  and  Mr.  J.  C.  Browne  and  Mr.  W. 
J.  Baker,  who  managed  all  the  photographic  processes.  This  party 
was  stationed  at  Ottumwa,  about  seventy-five  miles  nearly  west  of 
Burlington. 

With  the  University  telescopes  were  Mr.  E.  L.  Wilson  and  my- 
self, in  charge  of  the  instrument,  and  Messrs.  H.  W.  Clifford,  James 
Cremer,  and  W.  V.  Eanger,  as  photographers.  We  were  also 
joined  by  Mr.  John  Carbutt,  of  Chicago,  as  a  volunteer,  who  gave 
Qs  most  efficient  aid.    This  section  was  placed  at  Mt.  Pleasant^  be- 
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tween  the  other  stations.  The  various  parties  having  reached 
their  destinations  during  Wednesday,  arrangements  were  at  once 
made  to  get  the  instruments  into  position  in  the  locations  previously 
prepared  by  Prof.  Coffin.  In  the  case  of  the  Burlington  party,  all 
went  smoothly,  and  the  dark  weather  alone  prevented  final  adjust- 
ment until  the  night  of  the  6th  or  morning  of  the  7th,  when  this 
was  secured  with  great  nicety  by  Prof.  Mayer,  who  sat  up  all  night 
for  the  purpose. 

With  the  Ottumwa  instrument  it  was,  however,  found  that  the 
clockwork  had  become  seriously  deranged  in  carriage,  so  that  Mr. 
Zentmayer  was  obliged  to  take  it  entirely  apart  and  refit  it.  This 
he  accomplished  with  great  success,  and  it  may  be  regarded  as 
one  of  our  many  pieces  of  providential  good  fortune,  that  since  one 
of  the  clocks  was  to  go  wrong  on  the  journey,  it  was  that  one  which 
was  within  reach  of  this  gentleman's  skill.  The  trouble  and  anx- 
iety which  this  cause  of  delay  occasioned,  was,  however,  no  small 
trial  of  fortitude  to  the  Ottumwa  party.  The  final  adjustment  was 
also  given  to  this  instrument  during  the  morning  of  the  7th,  by 
Mr.  Zentmayer,  who  had  watched  all  night,  vainly,  for  a  star. 

This  party,  beside  the  above-mentioned  difficulties,  were  unable 
to  obtain  any  expert  assistance  on  the  ground,  from  resident  pho- 
tographers and  others,  as  was  done  by  both  the  other  divisions, 
so  that  they  were  left  entirely  to  their  own  resources,  and  acquitted 
themselves,  under  the  exceptional  difficulties  of  their  position,  in  a 
most  creditable  manner. 

In  this  connection,  special  reference  should  be  made  to  Prof.  C. 
F.  Himes,  who,  by  his  skill,  judgment,  and  coolness  in  a  serious 
emergency,  (occasioned  by  accidental  derangement  of  the  chrono- 
graph attached  lo  the  telescope,)  preserved  the  record  of  this  series 
of  pictures  which  must,  otherwise,  have  been  in  great  part  lost. 

The  telescope  at  Mt.  Pleasant  having  no  clockwork,  and  being 
otherwise  unfit  for  any  fine  adjustment,  required  no  arrangement, 
except  what  could  be  given  during  the  morning  of  the  7th. 

As  all  know,  the  weather  on  the  eventful  day  of  the  eclipse  was, 
at  all  our  stations,  perfect,  so  rendering  needless,  but  none  the  less 
judicious,  our  policy  of  distribution. 

At  the  Burlington  station,  a  photographic  record  of  the  first  con- 
tact was  secured,  by  exposing  plates,  in  rapid  succession,  about  the 
calculated  time.    A  very  good  result  was  thus  obtained. 

At  Mt.  Pleasant,  we  placed  a  plate  ready  in  the  camera,  and  then 
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waited  a  signal  from  Prof.  Watson,  of  the  University  of  Michigan, 
who,  with  his  party,  was  on  the  ground  with  us,  and  was  watching 
for  the  first  contact.  We  thus  obtained  a  picture  showing  a  very 
slight  indentation.  By  measurement  of  this,  the  time  of  aclital  first 
contact  can  be  reached  by  calculation,  yet  more  precisely  than 
would  be  possible  with  any  eye  observation. 

During  the  partial  phases,  accurately  timed  exposures  were  made 
by  all  parties,  at  intervals  varying  from  a  few  seconds  to  ten 
minutes. 

Partial' Phase  Pictures. 

These  pictures  show  the  various  sun-spots  visible  at  the  time 
(about  six  in  number)  with  admirable  definition,  the  larger  ones 
being  surrounded  by  a  marked  fringe  of  faculoe,  and  give,  also,  a 
distinct  granulation  over  the  general  surface  of  the  sun. 

They  all  show  an  increase  of  light  on  the  solar  surface,  where  it 
is  in  contact  with  the  edge  of  the  moon.  This,  which  would  seem 
to  indicate,  according  to  Prof.  Ohallis,*  the  presence  of  a  very  rare 
lunar  atmosphere,  is  unmistakably,  manifest  on  all  the  ^negatives, 
and  confirms  the  observation  made  by  Prof.  Stephen  Alexander,  in 
1831  and  I860,  when  he  noticed  it  on  the  photographs  that  were 
then  taken.  /•       < 

De  la  Kile  observed  something  similar  in  I860,. whi<5h  he  con- 
siders a  subjective  effect;  but  this  explanation  will  clearly  not 
apply  to  the  present  case,  where  it  is  evidently  a  quesrtioii  of  depo^ 
sited  silver,  and  not  contrast  of  light  and  shade.  i 

Totality  Pictures. — The  Prominences.  ^"^  * 
During  the  totality  thirteen  pictures,  in  all,  were -taken  with 
the  three  instruments.     Of  these,  six  were  made  at ;  Burlington, 
with  exposures  of  five  to  seven  seconds ;  four  were  made  at  Ottumwa, 
with  times  of  exposure  ranging  from  six  seconds  to  sixtjpen* 

These  are  all  admirable  negatives,  which  show  abundant  detail, 
and,  in  some  cases,  much  of  the  corona.   Three  pictures  in  totality 
were  also  made  at  Mt.  Pleasant,  but,  for  want  of  a  clock-movement, 
are  inferior  to  the  others.     One  of  the  Ottumwa  pictures,  exposed 
at  the  very  last  instant  of  totality,  shews  a  photographic  record  of 
the  curious  phenomenon  known  as  Bailly's  beads,  being  simply  the 
last  glimpse  of  the  sun's  edge  cut  by  the  peaks  of  lunar  mountains 
into  irregular  spots. 
One  of  the  objects  which  it  was  considered  desirable  to  secure,  if 
*  See  Monthly  Notices  of  the  Royal  Astronomical  Society,  1863,  p.  284: 
Vol.  LVIIL— Thibd  Ssbiu.— No.  8.— Sxptxmbxr,  1869.  27 
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possible,  was  a  view  of  the  corona.  It  was  with  this  intent  that 
some  of  the  exposures  were  made  so  long. 

Examination  of  the  negatives  shows  ns  that  five  seconds  was 
more  than  sufficient  to  secure  all  the  details  of  the  protuberances, 
although  it  gave  no  decided  indication  of  the  corona. 

The  development  proceeded  slowly  in  all  but  a  few  spots  where 
very  massive  prominences  were  located,  and  thus  it  was  not  thought, 
at  the  moment,  judicious  to  tiy  shorter  exposures;  but,  in  the 
light  of  our  present  experience,  we  would  judge  that  exposures  of 
even  one  or  two  seconds,  with  persistent  development,  such  as  could 
be  best  carried  out  on  albumenized  plates,  would  be  of  value  to 
secure  details  in  the  rounded  and  massive  prominences  which 
appear  at  some  points. 


It  is  a  curious  coincidence,  that  in  this  case,  as  well  as  in  the 
pictures  made  by  De  la  Bue,  in  1868,  and  the  German  and  English 
party  last  year,  all  the  more  interesting  prominences  are  situated 
on  the  border  of  the  sun  furthest  from  the  advancing  moon,  and 
are  thus  best  shown  in  the  pictures  first  exposed.  Thus,  we  have 
selected  half  of  the  first  totality  picture  taken  at  Burlington,  to  be 
used  as  an  illustration  in  this  place,  as  enabling  us  to  give  it  a  large 
size  without  exceeding  the  limits  of  our  page,  and  yet  secure  nearly- 
all  that  is  of  interest. 
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The  most  conspicuous  prominence  is  that  which,  at  a  hasty  glance, 
seems  to  resemble  the  letter  X,  but,  on  more  careful  inspection,  is 
perceived  to  be  like  an  ear  of  corn.  It  consists  of  a  solid  central 
mass  inclined  at  an  angle  of  about  46^  to  the  normal  at  the  solar 
surface,  and  with  three  branches  from  near  its  upper  end,  one 
sweeping  backwards  in  a  direction  generally  parallel  to  the  solar 
sor&ce,  another  forward,  as  concerns  the  direction  of  the  general 
mass,  and  a  third  branching  out  a  little  below  and  running  in 
the  same  direction  as  this  last.  The  appearance  of  the  main  body, 
which  is  of  a  spindle  shape,  and  with  spiral  markings,  is  highly 
suggestive  of  a  vortical  motion  which  has  swept  these  whiffs  of 
light  matter  into  their  peculiar  positions. 

It  was  believed  by  several  observers,  that  this  object  moved 
rapidly  while  they  were  watching  it;  but  as  the  same  positions  are 
shown  in  the  eight  different  negatives,  (taken  at  Burlington  and 
Ottumwa,)  which  contain  it,  there  can  be  do  doubt  of  its  permanent 
character. 

It  appears,  however,  beyond  doubt  that  motion,  amid  the  light 
surrounding  the  sun,  was  observed,  as  there  is  much  accordant  tes- 
timony on  the  subject.  But  this  motion,  as  we  shall  presently  see 
there  is  every  reason  to  believe  existed  in  the  corona,  and  not  in 
the  prominences,  which,  however,  might  easily  have  the  appear- 
ance of  movement,  if  seen  against  a  background  of  shifting  light. 
To  this  subject  we  shall  refer  again  when  speaking  of  the  corona. 

Immediately  to  the  right  of  this  ear  of  corn,  is  seen  a  region  of 
soft  light,  among  which  rise  two  similar  spindle-shaped  masses  in- 
clining towards  the  com  ear. 

To  the  left  appears  a  mass  of  rolling  cloud  disposed  in  beautiful 
streams  and  curls,  like  the  smoke  from  a  bonfire  or  burning  mea- 
dow, swept  gently  toward  one  side  by  a  light  wind.  In  connection 
with  these  are  some  small  masses,  entirely  detached  and  floating 
above  the  general  body,  as  was  the  case  in  De  la  Bue's  pictures. 

Other  solid  nodular  masses  appear  at  other  points;  but  the  next 
most  notable  prominence  is  one  which  attracted  the  attention  of  all 
observers,  and  appeared  to  occupy  a  position  on  the  lowermost 
edge  of  the  sun.  It  is  most  clearly  shown  in  the  last  pictures 
taken  at  each  station,  and  resembles,  in  shape,  a  great  whale  with 
a  body  made  up  of  dense  cumulous  cloud  matter,  with  a  long  tail 
clinging  close  to  the  solar  edge,  and  stretching  some  40,000  miles 
along.    The  length  of  the  entire  mass  is  about  110,000  miles,  aud 
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the  height  of  its  more  bulky  portion  about  28,000  miles,  while  its 
length  being  about  70,000  miles,  we  would  have  for  its  cubic  capa- 
city, assuming  that  its  extent  in  the  remaining  direction  is  equal  to 
its  height,  about  54,880,000,000,000  cubic  miles. 

To  the  right  of  this,  and  only  showing  its  entire  length  in  the 
last  picture  of  each  series,  is  a  caterpillar-like  mass  of  cloud  matter, 
very  much  like  the  solid  rolls  of  horizontal  vapor  which  are  some- 
times seen  passing  over  a  sheet  of  water.  At  one  end  rises  a  pro- 
jecting head,  but  the  rest  clings  closely  to  the  solar  edge,  and  is 
indented  with  ring-like  divisions,  giving  it  much  the  aspect  of  a 
huge  worm. 

The  Corona. 

The  Ottumwa  pictures,  of  long  exposure,  are  the  only  ones  which 
give  us  any  idea  of  the  true  structure  of  the  corona,  but  they  do 
more  than  I  had  hoped  in  this  respect.  One  of  them,  the  last  and 
longest  exposed,  gives  almost  as  full  a  development  to  this  object 
as  I  remember  to  have  noticed  with  the  naked  eye ;  the  curved 
structure  of  the  rays,  and  the  varying  intensity  with  which  they  are 
emitted  in  different  points,  is  most  marked. 

The  brightest  outbursts  of  the  corona  light  are  evidently  asso- 
ciated with  those  prominences  which  are  of  a  pointed  and 
flamC'like  shape;  those  of  a  massive  description,  on  the  contrary, 
seeming  to  cast  a  shadow  on  the  corona ;  this,  we  think,  is  to  be 
noticed  in  De  la  Bue^s  pictures. 

These  facts  have  peculiar  significance,  when  taken  in  connection 
with  others  developed  by  observations  made  during  this  same 
eclipse.  In  the  first  place.  Prof.  E.  C.  Pickering,  of  the  Massachu- 
setts Institute  of  Technology,  who  was  with  our  party  at  Mt.  Plea- 
sant for  the  purpose  of  making  various  physical  observations,  found 
that  while  the  sky  was  strongly  polarized  all  around,  close  up  to 
the  corona,  that  object  itself  was  not  a  source  of  polarized  light. 

The  instrument  employed  was  a  tube,  having  at  one  end  a  large 
plate  of  quartz,  and  at  the  other  a  double  image  prism  of  Iceland 
spar,  made  in  the  manner  known  as  the  prism  of  Rochon. 

On  looking  through  this  at  the  corona,  the  entire  circle  was  in 
field  with  a  part  of  the  surrounding  sky,  and  two  entirely  distinct 
images  of  the  entire  area  were  seen,  the  corona  in  both  being  color- 
less, but  projected  on  a  ground  of  tints,  complementary  in  the  two 
images. 
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This  would  certainly  indicate  that  the  light  of  the  corona  was 
not  reflected  sunlight.  With  a  spectroscope  arranged  to  analyze 
the  entire  light  from  the  totality  phase,  Prof.  Pickering  also  found 
no  dark  lines  in  the  spectrum.  This  also  points  in  the  same 
direction. 

The  observations  of  Prof.  C.  A.  Young,  of  Dartmouth  College, 
Hanover,  N.  H.,  who  was  stationed  at  Burlington,  are  most  con- 
clusive. He  found  bright  lines  in  the  spectrucn  of  the  corona  cor- 
responding with  those  given  by  the  aurora.  In  a  letter  which  I 
have  just  received  from  him,  he  says : — 

"  Since  returning,  I  have  seen  the  last  (July)  No.  of  Silliman, 
and  in  it  the  positions  given  by  Winlock  for  5  aurora  borealis 
lines.*  You  will  be  interested  to  learn,  that  so  far  as  I  can  ascer- 
tain by  graphical  construction,  the  aurora  line  at  1550  of  Huggins' 
chart  exactly  coincides  with  my  principal  corona  lines  1474  Kirch- 
hoff;  and,  moreover,  the  aurora  lines  1280  and  1400  (Huggins), 
agree,  as  far  as  I  can  judge,  with  the  two  fainter  corona  lines  be- 
tween B  and  £,  which  I  saw  and  recorded,  but  had  not  time  to 
measure  accurately. 

"  Perhaps  I  am  too  bold  in  my  conclusions,  but  at  present  I  feel 
persuaded  that  the  solar  corona  is  a  permanent  aurora, 

"  All  three  of  these  aurora  lines  are  given  by  Angstrom  as  iron 
lines.     What  is  the  meaning?" 

It  would  thus  seem  almost  certain  that  the  corona  is  simply 
an  electric  discharge,  no  doubt  varying  with  great  rapidity,  as  we 
see  in  the  case  of  the  aurora,  and  to  its  variations  we  may  attribute 
those  apparent  motions  of  the  prominences  which  have  been  ob- 
served by  so  many,  but  which  our  large  series  of  photographs  so 
conclusively  shows  not  to  have  had  any  actual  existence. 

Appearance  of  Meteoric  Shower. 
At  the  Ottumwa  station,  a  curious  appearance  was  noticed  by 
Mr.  Zentmayer,  and  also  by  Prof.  Himes,  as  will  be  seen  from  his 
report. 

♦  Silliman' B  Journal,  Vol  XLVIII.,  p.  123.  *•  We  are  indebted  to  Prof.  Win- 
lock  for  the  following  interesting  notices.  The  light  of  the  beautiful  Aurora  of 
the  evening  of  April  16th,  examined  with  the  spectroscope,  gave  flvo  bright  lines 
corresponding  in  position  to  the  following  lines  of  Mr.  Huggins'  scale.  1280 
(brightest),  1400,  1550, 1680  near  f,  2640  near  o.  On  the  eyeniog  of  June  6th, 
the  saoie  lines  were  again  observed,  the  brightest  corresponding  with  1280  of  Mr. 
Hoggins'  scale.  These  lines  could  readily  be  seen  and  measured  with  an  ordinary 
chemical  spectroscope,  with  the  collimator  pointed  directly  towards  the  heavens." 
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During  the  time  that  the  pictures  of  the  partial  phase  were 
being  taken  at  long  intervals,  the  ground  glass  plate  was  put  in  the 
camera  to  note  any  irregularities  in  the  clock  movement,  should 
they  occur. 

About  twenty-five  minutes  before  the  totality,  Mr.  Zentmayer  ob- 
served some  bright  objects  on  the  ground 
glass,  crossing  from  one  cusp  to  the  other 
of  the  solar  crescent,  as  indicated  in  the  ac- 
companying cut  by  the  lines  from  a  to  b. 
Each  object  occupied  about  two  seconds  in 
passing,  and  they  all  moved  in  right  lines, 
nearly  parallel,  and  in  the  same  direction. 

These  points  were  well  defined,  and  con- 
veyed to  the  mind  of  Mr.  Zentmayer,  who 
is  accustomed  to  the  use  of  the  camera  for  photographic  purposes, 
the  strong  impression  of  being  images  of  objects,  and  not  points  of 
light  merely. 

It  is,  moreover,  certain  that  the  objects,  whatever  they  might 
be,  must  (in  order  to  have  produced  such  sharply  defined  images 
on  the  ground  gliass)  have  been  several  miles  distant  from  the  tele- 
scope, as  even  a  point  of  light  at  a  less  distance  would  have  pro- 
duced an  image  enlarged  and  with  a  hazy  border. 

After  calling  Prof.  Himes'  attention  to  this  phenomenon,  and 
observing  the  motion  of  some  eight  or  ten  bodies  in  all,  Mr.  Zent- 
mayer then  noticed  three  others  coming  in  from  the  limit  of  the 
field  and  disappearing  in  the  solar  crescent,  as  shown  at  c,  but  not 
reappearing  on  the  other  side. 

It  is  worthy  of  note,  that  the  direction  of  motion  in  the  three 
last  of  these  bodies  corresponded  with  that  of  the  wind  blowing  at 
the  time,  but  that  of  the  others  did  not,  and  they  are  thus,  as  also 
for  other  reasons,  unlike  the  plant  seeds  noticed  some  years  ago 
by  Rev.  W.  E.  Dawes,  and  described  in  a  paper  published  in  the 
Monthly  Notices  of  the  Royal  Astronomical  Society  for  1852, 
page  183. 

We  consider  it  right,  however,  to  record  the  observation  made 
by  our  party,  as  other  observers,  in  very  distant  locations,  have 
noticed  phenomena,  which,  according  to  the  very  general  report  as 
yet  published,  must  bear  some  close  relation  to  these,  and  this  con- 
firmation and  additional  data  may  thus  aid  in  some  valuable  deduc- 
tion.   If  these  were  meteoric  bodies  between  us  and  the  moon,  and 
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also  beyond  our  satellite,  their  probable  appearance  would  not  be 
inoonsistent  with  the  observations  recorded. 

Before  closing  this  report,  I  cannot  refrain  from  saying  a  few 
words  in  reference  to  the  members  of  my  party.  | 

Our  labor  was  eminently  a  cooperative  one,  and  the  pleasing  suc- 
cess which  has  attended  our  efforts  is  largely  due  to  the  thorough  ^ 
harmony  of  effort  and  the  self-denial  and  devotion  to  the  general 
cause,  irrespective  of  individual  interest,  which  has  characterized 
the  entire  history  of  this  expedition. 

The  work  we  had  in  hand  was  of  a  nature  which,  in  the  first 
place,  required  the  combination  of  a  high  order  of  ability  in  many 
distinct  branches.  It  was  necessary  that  the  best  optical  skill 
should  be  enlisted  in  the  structure  and  arrangement  of  the  lenses ; 
—it  was  essential  that  the  very  best  mechanical  ability  should  be 
applied  to  the  details  of  the  various  adjustments  of  clockwork  and 
cameras; — the  largest  experience  in  photographic  operations  was  I 

equally  necessary; — so,  also,  was  a  thorough  and  ready  skill  in  the  '4 

refined  details  of  practical  astronomy.    Besides  this,  it  came  of  ":\ 

necessity  that  the  failure  of  any  one  would  ruin  the  work  of  all,  as  ij 

each  step  must  be  secure,  or  the  pinnacle  of  success  could  not  pos-  ' 

sibly  be  reached. 

Under  these  circumstances,  when  we  say  that  we  have  no  failure 
to  regret,  and  that  no  reproach  has  had  cause  to  be  uttered,  the 
highest  commendation  possible  has  been  implied  towards  all  and 
every  one  concerned. 

Where  all  were  unremitting  in  effort  and  excellent  in  execution, 
it  is  not  easy,  without  injustice  to  any,  to  indicate  the  special  merit 
developed  by  opportunity  or  trying  emergency  in  some ;  but  we 
cannot  refrain  from  drawing  especial  attention  to  the  very  valuable 
aid  which  was  afforded  by  Prof.  Mayer,  Ph.  D.,  through  his  intimate 
familiarity  with  all  the  niceties  and  most  refined  improvements  in 
practical  astronomy;  by  Mr.  Joseph  Zentmayer,  through  his  admir* 
able  ingenuity  in  the  devising  and  construction  of  the  various 
mechanical  and  optical  details  required  in  the  several  instruments; 
by  Mr.  O*  H.  Willard,  through  the  unsparing  devotion  of  time  and 
energy,  and  the  indomitable  perseverance  by  which  all  the  pre« 
liminary  arrangements  were  pushed  to  a  successful  issue,  and  his 
own  department  developed  to  its  highest  perfection ;  and  by  Prof. 
C.  F.  Himes,  through  the  sound  judgment  and  presence  of  mind 
displayed  on  a  trying  and  sudden  emergency. 
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While  affording  gladly  this  special  distinction  to  some,  we  repeat 
that  all  were  equally  meritorious,  and  that  the  work  of  no  one 
would  have  been  of  the  least  value  without  the  aid  of  the  others. 

I  have  also,  on  my  own  behalf,  as  well  as  on  that  of  my  col- 
leagues, to  thank  you  for  that  uniform  kindness,  courtesy,  and  con- 
sideration which  has  rendered  all  our  relations  of  the  most  agree* 
able  character,  and  made  our  labor  of  love  in  an  equal  degree  a 
labor  also  of  pleasure. 

Very  respectfully  yours, 

Henry  Morton. 

NoTK.— The  reports  from  thoso  in  charge  of  the  several  departments  will  be 
published  in  the  next  number. 
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Prooeedingt  of  the  Stated  Monthly  ICeeting,  June  16th,  1869. 

The  meeting  was  called  to  order  with  Mr.  Coleman  Sellers,  Vice- 
President,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved* 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  the  donations  to  the  Library  received  at  the  stated 
meeting  held  June,  9th  inst.,  from  the  Royal  Astronomical  Society, 
the  Royal  Geographical  Society,  the  Institute  of  Actuaries,  the  Sta- 
tistical Society,  and  the  Society  of  Arts,  London ;  and  the  Associa- 
tion for  the  Prevention  of  Steam  Boiler  Explosions,  Manchester, 
England ,  TEcole  Imperial  des  Mines  Paris,  and  la  Socidte  Industri- 
elle,  Mulhouse,  France ;  the  Canadian  Institute,  Toronto,  Canada ; 
the  Mechanics'  Institute,  San  Francisco,  California ;  Prof.  Alfred 
M.  Mayer,  Bethlehem,  Pa.,  and  Prof.  John  C.  Cresson,  Phila- 
delphia. 

The  various  Standing  Committees  reported  their  minutes. 

The  Resident  Secretary  presented  his  regular  report  on  Novelties 
in  Science  and  the  Mechanic  Arts. 

After  a  general  discussion  of  several  points,  in  which  Mr.  Robert 
Briggs,  Mr.  Thos.  Shaw,  Professor  R.  E.  Rogers  and  others  took 
part,  the  meeting  was  on  motion,  adjourned. 

Henbt  Mobton,  Secretary. 
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Errata  to  Beport  on  Eclipse. — Owing  to  some  unexpected  de- 
lays with  engravings,  &c.,  the  foregoing  report  was  finally  printed 
without  sufficient  care  in  revision  of  proofs.  Some  errors  and 
omissions  have  thus  been  overlooked. 

Page  201,  line  28,  for  $15,000  read  $1,500. 

*'    202,     "    13    "    Gummery  read  Gummere. 

*'       "       "    14    "    Oscalousa  read  Oscaloosa. 

''       "       "    22    '^    Hygenian  read  Huygenian. 

"     209,     "    35    "    last  instant  of  totality,  read,  last  instant 
before  totality. 

Page  213,  line  24  for  lines  read  line. 

It  should  also  have  been  explained  that  the  woodcut  ou  page  210 
represents  the  general  character  and  relative  positions  of  the  promi- 
nences shown  on  all  the  photographs^  some  being  visible  only  on  the 
early,  others  only  on  the  later  pictures.  The  lines  a  b  and  c  D 
give  the  directions  of  the  spider  lines  used  in  the  telescope,  and 
placed  carefully  in  line  with  a  parallel  of  declination  and  at  right 
angle  to  the  same,  respectively,  by  observations  on  a  sun-spot  before 
the  beginning  of  the  eclipse.  The  line  F  E  represents  the  direction 
of  the  moon's  motion  across  the  sun  from  first  contact  at  F  to  last 
contact  at  £. 

The  proniinence  described  as  resembling  an  e'ar_of  corn  is  that 
between  c  and  b  on  the  woodcut,  page  210,  those  about  I  resemble 
wreaths  of  smoke,  those  above  c  look  like  flames.  These  two  por- 
tions were  those  that  in  the  telescope  looked  like  simple  obtuse 
pyramids  of  white  light  capped  with  rose  color>  [See  Items  at  the 
beginning  of  this  Number.]  ii  was  the  prominence  which  in  the 
telescope  looked  like  a  mushroom.  F  was  the  one  at  the  point  of 
first  contact  seen  by  Prof.  Young  beforehand  with  the  spectroscope 
and  used  in  his  beautiful  determination  of  first  contact  with  that 
instrument,  a  is  the  whale-like  prominence.  [See  Items  at  the 
beginning  of  this  Number.]  ^ 

With  reference  to  the  photographic  illustration,  inserted  in  the 
foregoing  report,  it  must  be  remembered  that  in  the  double  copy- 
ing required,  and  by  reason  of  the  rapid  wholesale  process  of  print-  j 
ing  rendered  necessary  for  a  large  edition,  some  of  the  more  delicate 
details  are  lost.     This  is  especially  notable  in  the  spindle-shaped               i 
prominence  near  the  middle  of  this  picture.    On  the  original  and              j 
on  carefully  prepared  prints  it  shows  three  cloudy  sprays  or  branches              j 
from  its  upper  end  having  the  positions  indicated  in  the  woodcut              j 
on  page  210  between  c  and  b.     Much  of  the  soft  fringe  of  light              i 
surrounding  all  these  large  groups  of  prominences  is  also  lost.                      j 
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PASCAL  IRON  WORKS, 

Establlslied  tn  1831. 

MORRIS,  TASKER  &  CO., 

Wrougbt  Iron  Welded  Tabes,  i-i°<2b  to  8  inches  bore,  for  Steam 
6a8,  Wftter,  &o.,  with  T*8,  L's  Stops,  Valves,  &c,,  with  Screw  Joints  to  suit  tubes. 
Malleable  Iron  and  Brass  Fittings,  Olass  Blower  Tubes,  Blasting  Tubes,  Ac. 

QalYanlzed  Tubes  and  Fittings  for  water. 

lAp-Welded  Boiler  Flues,  H  to  10  inches  outside  diameter,  cut  to 
deflnite  1  ^ngths,  22  feet  or  under. 

Arteaian  Well  Pipes,  of  wrought  Iron,  screw-coupled;  flush  inside  and 
out.  AU  y  of  Oast  Iron,  6,  8,  10  and  12  inches  diameter,  with  wrought  bands  |  ^usU 
iA»lde  ard  out,  and  Pumps  for  same. 

Colls  of  Tube^  for  boiling  and  evaporating  by  steam  or  hot  water. 

Tuyere  Colls,  for  Blast  Furnaces,  and  tube  cut  and  fltted  to  plans  and  speoir 
^cations  sent. 

Double  Kettles,  for  steam  boiling  and  evaporating,  and  cooking  by  steaa.. 

DrytnpT  Closets^  heated  by  steam ;  Wash  Houes  and  Steam  arrangements 
/or  Public  Institutions  and  Private  Dwellings. 

WarmlniT  and  TentllatlniT  Steam  apparatus  of  the  most  approved  plans 
for  Factories,  Public  Buildings,  Hotels,  Private  Dwellings,  Green  Houses,  ^c. 
lOonstructed  and  adapted  to  the  buildings  to  be  warmed. 

Hot  Water  Apparatus;  Tasker's  Patent  Self-Regulauiig  Hot  Water 
Apparatus,  for  Private  Dwellings,  School  Houses,  Hospitals,  Green  Houses,  ^c. 

Iron  and  Brass  Castings,  of  every  description. 

Gas  Work  Castlngrs:  Retorts  and  Bench  Castings  for  Coal  Gas  Works: 
Street  Mains,  Bends,  Branches,  Drips,  Lamp-posts,  Lanterns,  &c. 

Rosin  Gas  Apparatus,  for  Factories,  Public  Buildings,  Hospitals,  and 
Private  Dwellings. 

Green  House  Pipes  and  Boilers :  Fire  Doors  and  Frames,  Hot  Water 
Pipes  for  Forcing  Beds,  Pineries,  Gharden  Rollers,  &c. 

Columns,  Conduit  Pipes,  Pavement  Gutters,  Soil  Pipe. 

Batll  Tubs,  Sinks,  Sewer  Traps,  Soil  Pans  and  Traps,  and  Water  Close 
arrangements. 

ScreirinflT   Hacblnes,    Drill  Stocks,  Stocks  and  Dies,  Taps,   Reamer 
Drills,  Pipe  Tongs,  and  a  general  assortment  of  Gas  and  Steam  Fitters'  Tools  and 
Materials. 

WORKS,  8.  FIftb,  between  Tasker  and  Morris  Sts. 

WAREHOirSG  At  OFFICE^  Iie09  8.  Tbird  St.,  Pblla. 

8TEPHEV  XOSStS,  HEHBT  Q.  X0BSI8 

TKO^T.TABXBB,Jr.  IT.H  TaSJL 
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H.  HOWSON'S 

FORREST  BUILDINGS, 
Xo.  119  South  Fourth  Street, 

PHILADELPHIA, 

AlfB 

MARBLE  BUILDINGS, 
No.  460  SEVENTH  ST., 

(Oppodto  U.  &  Patent  Oflloe,) 

WASHINGTON.  D.C. 
PHILADELPHIA. 

BBINCIBAL  OFFICES,  FHILADELFBJA. 

H.  Howsoy  prepares  Specifications,  Drawings,  Assignments,  Agreements,  ^bc; 
conducts  Interferences,  Appeals,  Applications  for  ^-issaes.  Extensions,  Jbc.; 
attends  to  the  Filing  of  Caveats,  reports  as  to  the  Patentability  of  Inyentions,  and 
acts  as  Consulting  Attorney  in  suits  respecting  Patents. 

Ths  Washikqton  Offices,  in  charge  of  a  trained  and  confidential  clerk  of  the 
establishment,  and  visited  at  fre<}uent  intervals  by  the  proprietor,  enables  the  latter 
io  make  preliminary  examinations  promptly,  to  prosecute  rejected  aj>plicatioDS 
without  delay,  and  to  retain  in  his  charge  all  cases  entrusted  to  him,  inst^id  of 
resorting  to  Uie  common  but  dangerous  i»'actioe  of  handing  them  over  toizre^KJo- 
sible  practitioners. 

A  MoDSL  DsFABTMKKT,  In  charge  of  one  of  the  most  expert  mechanics  in  the 
eity,  forms  a  part  of  the  establishment  in  Forrest  Buildings,  and  affords  to  inventors 
%n  opportunity  of  having  their  models  made  promptly,  secretly  and  at  moderate  cost 

Parties,  on  application,  can  obtain  pamphlets  relating  to  both  United  States  and 
Foreign  Patents. 


Barlington,  Iowa,  Oelober  ad,  ISBT. 
DiAB  BiB!  I  take  this  occmIou  to  state  to  yoa.  that  for  wTeral  yean  patt  I  haT*  bean  Mqoalnted  vHk 
the  maniiar  is  whieh  yon  have  oondacted  your  bnaiDeM  as  Patent  Solid  tor.  This  hM  always  baanhigiily 
araditabla  to  younelf  a^  latiflllietory  to  the  Patent  Office.  Too  nndentood  your  oaMa  wall,  aad  ynwtrt 
tlMin  ia  that  iataUigible  form  which  generallr  loeiired  roeocfli.  I  make  this  Gertifloate  ia  lio|Ma  that  It 
■Mj  ba  iWTloeable  to  yon  in  continuing  to  And  that  amployoMnt  In  your  pftJBMlca  to  whkh  jov  liJMlij, 
liimiljifn  aad  ooartaona  bearing  lo  Justly  entitle  yon. 

Toon,  Tery  truly, 
l^]lBnvn0«8OV,lB4.  GIIAfl.  MASON,  UtoC 


Oetobcr  th,U8k 

vhiok  ytM  aoadestod 

your  buaTaam  aa  a  SoUdtor  of  PateataTdnrlnfc  tbe  four  years  that  I  waa  Cblef  Olwk  aad  SxaontlTa  Offioer 


MTlkiABftas  ItgtVMBMgrestpleararatogiTamytwtlaoByaatotbanaBaeriBwiiickymi 

,ro«r  bodBam  aa  a  SoUdtor  of  Patenta,  dnriuff  the  four  years  that  I  waa  CSila'        "   ~  '  " 

of  the  U.  8.  Pstant  Office,  and  for  a  oondderahlo  period  Aettng  Oommisdone:. 


Durtag  that  time  your  budncM  at  the  Patent  Office  was  surpassed  in  extent  but  by  ooa  firm  in  New  Tort. 
The  papers  prsssnted  by  you,  spedfleatiaoa,  drawings.  oorrBspondenca.  *a«  were  iBTarlably  ■odekoCBs«fr> 
Bsss,  aesora^  and  legs!  preddon.  They  wero  fk«quently  pointed  out  to  youngar  soUdtora  as  among  lh» 
best  asamples  and  praesdents  for  prsetioe  iB  the  office.  Your  laieroonrsa  with  the  office  waa  aoeoodaetod 
tiMtaU  the  rlghtaof  your  ellents  were  secured  without  personal  eontroTersy.  With  the  best  opportanltfss 
of  JudglML  I  do  not  hedtate  to  ssy,  that  your  thorough  knowledge  of  meohanioi  and  patsQt  lav  plasss  yon 
la  aha  icsl  imok  of  the  SoUdtocs  of  Pistants  of  the  United  States. 
Tsty  truly,  yowi, 
JOHN  L.  HATES,  Lata  Oblaf  Clark  and  SzeentiTa  OOo«  U.  B.  Pitoot  Offioa. 

H.  BMnOi^  1b4h  PhllMMphta,  Pa. 


Washington,  D.Ci,  NofiBbe* 
I  MQy  uod  sbscrfUly  eodoTss  the  statement  made  by  Mr.  Hayes  ia  the  above  latter,  r 
IMTSSB  to  Iha  ootrooags  of  the  iBfmtots  of  tba  eonntry. 

».  P.  HOLLOW  AT. : 
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VALUABLE      TEXT-BOOKS 

PUBT^ISHEO  BY 

JOHN  WILEY  &  SON, 

2  CUNTON  HALL,  A8T0R  PLACE,  NEW  YORK. 


WORKS  OF  S.  EDWARD  WAHREN  0.  E. 

PKOfKSSOB  OF  DSSOAIFtlYB  OBOMBTJERT,  STC^  IN  THIS  BBN88ELAER  POLTTBOHNIO 

rstvsnvTE,  inor»  h.  t. 
'    CONSTRUCTIVE  GEOMETRY  AND  INDUSTRIAL  DRAWING. 


Tk6  fcOotriiig  irarlu,  pabUahedfoooMflTe^  /due*  I860,  |mt»  Umi  wtll  x9otir*A  hy  all  the  fld«otiilo  Md 
lleinffy  periodiGaI«>  and  an  in  1186  In  most  of  the  ItaginMring  aiid  *<  SdenfcUle  8ch^ 
the  elMMotaiy  oma  In  many  of  the  higher  preparatory  achoola. 

TIm  Aothor,  1^  hia  long  nnbroken  eonneothm  with  the  Ihatltnte  at  Troy,  haa  eqjoyed  flidlltiea  for  the 
Fnpanthm  of  hia  worka  which  entitle  them  to  a  fcTorahle  conaidaratlon. 

i^BucBisarrAiiT  hvowlkm. 

fhtm  are  darigned  and  oompoaed  with  gva^  oare:  primarily  for  thf  uas  of  all  h^har  pnblio  and  prirata 

_  I,  in  training  atndenU  for  anheaonant  titoftaaioD^  atndy  In  jChe  Bngtneering  and  fidentifio  isehoola; 

tiMB,  proTiaiooally.  fov  the  nae  of  the  latter  Inatitutiona,  nntil  preparatory  training  shall, aa  ia  Tery  deair- 


«!••«; 


I  ganarally  include  their  nae;  and,.flnaUy,  for  the 


I  preparatory  tr 
aelf-inatrnction 


Teryc 
of  Teachera,  Artiaana,  Bnild- 


l.-EI.BlIBirTART    PEiAHBl 


eilPkoblemal2mak  cloth. $1 

S.-.DRAll*TI1f  O  IN  8TRUMBHTS 
AVD  OVKSLATlOmn.  DirUUm  L— 
iBHraaMBta  and  Materiala.  I>Maioa  H— 
Vm  of  Qralttnglnatramenta,  and  Repreaent%- 
tiOBorfltono,  wood.  Iron,  etc  INTiaioo  III. 
-PmaUaaBxeroiaea  on  Ot^eeta  of  Two  Di- 
Muriona  (PnTamantih  Maaonry,  froola,  ale.) 
IMfirion  T7.— BteRBeatary  JEathetiea  ef  Geo- 

■eWeal  Drawing.    One Tol.  I2mo.  cloth 

t.-BIAMBRTART  FaOJBO- 
TUm  D&AWIHO.  Third  edition, 
mimd  and  enlarged.  In  flye  dlTlalona.  I. 
-PvqMionaofSolidaandintaraactlona.  IX. 
-Wood,  Stone,  and  Metal  d«AaIla  HI.— 
■miantary  Shndowa  and  Shading.  IV^— 
iMBatriaalaod.Otfiiaat  Pntfeotiona  (Ifachan- 


25 


125 


leal  Perapeoti^).  T.-»Blementai7  Stmc- 
tnrea.  Thia  and  the  last  rolnme  are  eapeoially 
Talnable  to  all  lieohanieal  Artlaana,  and 
are  partlcnlarly  recommended  for  tlie  nie  of 
all  higher  pabUe  and  priTate  achoola.    ISmo^ 

elotb SI  50 

4^BIAMB9TART  I^IXBAR 
PBR8PBOT1VB  OF  FORMS 
▲VD  SSADOl^S.  With  many  Practi- 
cal azamplea.  Thia  Tolume  la  complete  in  itself 
and  diifera  Ihxn  moit,  if  not  all  other,  elemen- 
tary worha  in  elearly  demonatratlBg  the  prin- 
eiplea  on  which  the  nractical  miea  of  per- 
apectlTO  are  tiaaed,  without  inelndtog  aoch 
complex  problema  aa  are  nanally  found  in 
higher  worka  on  perapectiTe.  It  la  dealfnicd 
eapeeially  for  Toung  htdiimf  Semhiariea. 
Artiita,  and  Scboola  of  Design,  aa  well  aa 
for  the  inatitntlona  abore  mentioned.  One 
ToL  12nKs  doth 1  00 


n.—HIGHBR  'worb:8. 


Tbeas  are  dealgned  prindpally  for  achoola  of  Bngineering  and  Architecture,  and  for  the  membera  gener- 
ally of  thoaa  profoaaiona. 


Ir-CWSBRAI.  FROBI.BMS  OF 
ORTHOORAPHIO  PROJBC- 
TiOKS.  Bafng  n  quite  extended  cdlectioB 
«f«lsmentaiT  and  higher  probMmaof  Descrip- 
titeOecBietry.    1  toL  8vo,  fell  cloth,  nnmer- 


Sr  A  thoroughly  remodelled  edition  of  this 
work  ia  In  preparation 

II«-OBBBRAIi  PROBI.BMS  OF 
SBADBS    AHB    SHADOl^S.     In- 

dading  n  wide  range  ot  problema,  and  a 
thfocoQgh  diaoneaioa  of  the  prindplee  of  shad- 
lai.   1   voL  8vo.   With  numeroua  platea, 

ClOlh».*MM.    .    ..«• 

in.-HibHra''xnBAR''pBi^ 

tPBGTIVB.  Oontafaiing  *  eonclaa 
manaaiy  cf  Tariona  methoda  of  perapectiTe 
maslruetlon;  a  Ihll  aat  of  atandard  proUema; 
■ad  acaratel  dlae«M8ion  of  special  hi^er  onea. 
With  snaarona  huge  plaUt,  Swo,  cloth 


400 


8  50 


4  00 


IT.— {In  preparatlniD.7  Bt«BMB?f  TS 
OF  MACHINB  CONBTRUCTIOH 
A1IJ>  MlAWlKfil*  On  a  new  plan, 
and  enriched  by  many  standard  and  norel 
ezamplea  of  present  practice  from  the  best 


VOTBS  OV  POIiTTBCHinC  OR 
BOIBITTIFIC    SCROOI«S  in  the 

Salted  States:  their  nature,  poaitkn  Aims, 

and  wanta.    8to,  paper .....^...........  $0  40 

Under  this  title  ia  preaented  a  tat« ar  Tiew 
of  the  existing  sdentille  schools  ci  the  United 
Statea,  together  with  many  obeerratlons  on 
the  organisation,  courses  of  study,  and  ad- 
minlstretion  of  sndi  achoola;  beaidea  their 
ralationa  to  other,  and  especially,  preparatory 
education ;  the  whole  being  of  interest  to  the 
many  edncatora  who  would  modify  existing 
preparatory  schools  to  meet  the  wanta  of  the 
Bngineering  and  other  Sdentiflo  Sehoohb 
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J  ;tx^BOil  A.TOIIY 

FOB  THB 

ANALYSIS  OF  COALS,  GASES,  &c. 


Especial  attention  given  to  the  Analysis  of  Goals  and 

the  determination  of  their  fitness  for  the 

production  of  Gas,  or  for  use  in 

Smelting,  or  for  Steam 

purposes. 

Heating  power  expressed  in  value  of  best  hard  and  soft  coals 

in  the  market. 

ALSO^ 

GAS  ENGINEERING  AND  COMMISSION  AGENCY, 

For  procuring  Coals,  Castings,  Fire-brick  and  Tile ;    and 

fill  other  materials  for  the  construction  and 

repairing  of  Gas  Works. 


XDiRBCTioisrs 

TOB  THE 

SELECTION  AND  PREPARATION  OF  COAL  FOR  ANALYSIS. 


In  the  Mleotion  of  samples  of  Coal  for  analytioal  examination,  take  the  samples 

ffar  rom  oat-crop  as  possible,  with  specimens  froin  the  centre,  top  and  bottom 
frein. 

It  is  well  to  collect  several  hundred  ponnds  indiscriminately,  and  have  it  broken 
ilne^  and  thoroughly  intermixed;  from  this  mass  taJ^e,  say  50  pounds,  and  grins 
H  to  a  coarse  powder ;  mix  thoroughly,  and  weigh  out  five  pounds,  which  tra&> 
nit  for  analysis. 

Accompanying  each  sample  should  be  a  lump  specimen*  (say  i  lb.,}  from  centre 
and  sides  of  vein. 

Care  should  be  taken  to  include  an  average  amount  of  pyrites,  or  other  impurity 
occurring  in  the  CoaL 

A  memorandum  should  accompany  coal  intended  for  an  especial  purpose,  toad 
^e  examination  will  be  directed  to  its  suitability  for  such  purpose. 


Br.  CHARLES  M.  CRESSON, 

4ir  WAUrUT  STREET, 

PHILADELPHIA, 
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BMOOKLYN,  JUTEW  YORK. 


parucuiai'ij  we  aesire  to  can  attention  to  our 

OIL    I=>I^ESSES, 

And  especially  for  CoUoa  Seed,  which  is  daily  becoming  of  more  im 
portance,  from  the  value  of  the  Oil,  and  nutritious  quality  of  the 
Cake  as  an  article  of  Feed.     These  Presses  of  Fiy* 
Bags  made  by  us  are  superior  to  any  others 
in  the  production  of  oil,  and  are  fur- 
nished with  the 

Crushing  Rolls  and  Heating  Pan,  and  Driiiin|  Machinelf, 

ALSO  ALL  PAKXICULAM  »  EUAl*  TO 

FEE'S  PATCNT  HULLINB  MACHINERY  IN  CONNECTION. 


TT.    AJRHOkLURp   Pses't* 
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PEOPLE'S    WORKS. 


ManufacHirerB  of 

High  and  Low  Pressure 
Stationary  Steam  Engines,  Sugar 
Mills,  Saw  Mills,  Grist  Mills,  Marine  Bail- 
ways,  Blowing  Cylinders,  Pumping  Engines,  Hoist* 
ing,   Stamping  and  Mining  Machinery  in  general^ 
Hydraulic  Presses,  Cranes,  Boilers,  Rolls,  Punching  Machines, 
Shafting,  Pulleys,  Hangers,  &c.,  and  Machinery  of  all  descriptions. 
Steam  Boilers,  Ship  Tanks,  Sugar  Boilers,  Cast  or  Wrought, 
Coolers,  Pans,  &c.    Soap  Pans  and  Curbs  of  all  sises, 
either  Cast  or  Wrought.     Betorts,  Meters,  Stills, 
&c.   Steam  Pipes,  Building  Fronts,  Col- 
umns, &c.,  fitted  and  put  up. 
We  are  also  prepared  to  execute  all  orders  for  Heavy  and  Light 
•  Castings,  either  in  green  Sand  or  Loam,  of  Iron  and  Brass,  at  the 
shortest  notice. 

jrOHlV  HITJf  8WORTH9 
JACOB  If  A¥Ii01t, 

Cor.  Girard  Avenue  and  Front  Streets, 

Kensingtan,  JPMladelphia. 


lOE 


PBACTICAL  &  ANALTnCAT<  CHEMISTBT, 

Chant  Street,  Tenth  Street  belate^  Market, 

(B«ar  of  St  Sttphen'i  drareba)  ^ 


ESTABLISHED  IN  1836. 


Instruction  given  in  CHEMISTRY,  MINERALOGY  and  GEOLOGt,  bjLEC- 
TU&ES  and  PRACTICE^  with  espeoial  ze£er«noe  to  ANALYSIS,  MANiTFAC- 
TURES,  AND  MEDICINE.  ^ 

Analyses  made  of  Ores,  Minerals,  Guanos,  Waters  and  articles  of  oomneros 
and  manuiiftcture.    Opinions  given  ooi  ohemioal  questions. 

BoirrH  A  GARKsnrt- 

Jakes  C.  Booth,  l 

Taos.  H.  Gabkitt.  ^ 
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DABIIN<3^,  BBOWK  &  SHABPE, 

PBOTTDENCJE,  B.  I.. 

KAHU7A0TUKER8  OP 

U.  S.  STANDARD  RULES, 

AMES'  TJKIYERSAL  SQUARES, 

PATEHT   HARDEKBD  CAST    8TBKI.   TRT  SdVARES,  THB  AMVBICAH 

.STANDARD  1¥IRB  GAUGB,  BBVEI.  PROTRACTORS,  HARDBNBD 

T  SQUARES  AND  BBVEIiS,  CENTRE  GAUGES,  BOX-WOOD 

TRIANOVULR  8CAI«E8,  VERNIER  CAIOPERS, 

CAI.IPER  S<iITARES  Sb  RITI.ES,  PI.ITMB 

BOBS9  PAPER  DRA\¥INO 

SGAI.BS, 

WilUk'k  OdontoKraphk,  Steel  Straight  Edges  and  T  Square  Bladei. 

Iliustrorteil  Prieo  X^st  sent  per  mall   on  apiOloatloii. 


M'COLLIN  &  RHOADS, 

IPInmbers,  ^itm  anb  §u  ^fitters, 

1221  Market  Street,  Philadelphia. 


PHILADELPHIA.  AQENTS  FOR  THE  SALE  OF 

A.  S.  CAMERON  &  CO.  CELEBRATED  STEAM  PUMPS 

0 
FOR  BOXER  FEED,  FIRE  PURPOSES    MINING.  ETC. 


\ 
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DRAWING. 


XHB  subBcriber  would  respeclAiIlT  inform  his  friexxls  tiiid  tiieput)1ic,  tliat  heoon- 
tinueB  to  give  instruction  in  MACHINE,  ARCHITECTURAL,  TOPOGRA- 
ICAL,  and  LANDSCAPE  DRAWING,  and  PAINTING  in  OIL  and  WA- 
TER COLORS.  Day  and  Evening  Claases  at  the  oflce,  and  instructions  given  m 
Schools  and  Families.  Drawings  for  Patents  correctly  made,  and  Designs  furnished. 

WM.  E.  KERN, 

No.  229  North  Tenth  Street. 


Experience  as  Constructing  or  Consulting  Engineer  on  three  Steam  and  five 
Horse  Railways,  seven  Water  Works,  six  River,  Harbor  and  Canal  Improvementa, 
Pumping  and  Marine  Engines,  XT.  S.  Dry  Dock,  ArC.,  &c. 

Office,  No.  48  Pine  Street,  Boom  27,  New  Tork. 
Kesidence,  No.  42  Johnson  Street,  Brooklyn. 


LOCOMOTIVE  WORKS, 

XTo.    BOO   3Sr.    ]B2*OA<9.   Sinreety 


Manufactartt  LoooMOTivi  Enoinxs  of  the  most  approted  oonstmciion  and 
|>erfeot  adaptation  to  all  the  variety  of  oircumstances  under  which  they  can  be 
uaefnlly  employed ;  ranging  in  weight  from  ten  to  thirty-six  tons,  and  using  one- 
half,  two-thirda,  three-four3iB>  or  we  whole  weight  for  adhesion,  as  the  grauie  of 
the  road,  or  busineu  to  be  done,  may  render  desirable  or  necessary. 
Patterns  of  variouB  aiies  of  each  of  the  following  plans,  tIb: 

Plan  A  and  B,  1  pair  driTers  and  trucks,  for  Passenger  business  exclusively. 
"0  2       **  "  ••         or  Freight  business. 

««     D  3       "  "1 

"     I>  3       "  *'  y  for  Freight  business  ezclusiTely< 

«     B  4       «  *  J 

"the  D  and  £  plcuas  are  partieukrly  adapted  to  roads  haying  heaty  grades  and 
4brtipt  enrres.  xhe  temporarv  track  connecting  the  Eastern  and  Westeni  divi- 
iions  of  the  Yirgini*  Central  Kailroad,  haring  grades  of  295  feet  rise  per  Inile,  Und 
eunres  of  300  feet  radius,  has  been  snoeeesfufly  worked  for  two  years  past  by  six- 
Wheel  D  Engines  of  our  make. 

Themaieruds  imd  workmanthipj  effldeney  and  durdbiUiy^  economy  of JM  andr&^ 
)Mirt,are  goarantind  eqtial  to  any  other  engines  in  use. 
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ESTABLISHED  1851. 


J.  REYNOLDS  &  SON, 

N.  W.  Cor.  Thirteenth  and  Filbert  Streets, 

SOLB  MANUPAOTDRKRS  OF  THE  CELEBRATED 

WROUGHT  IRON  AZR-TI6BT 


00  ^0tt0ttittiu0  ^^dkt 


With  Patent  Dust-Screen,  Grate-Bar  Bests 

WROUGHT  IRON  RADIATOR. 


This  cut  repfesents  our  Heater  with  the  Patent  Wrought  Iron  Radiator 
attached.  It  is  made  of  heavy  iron,  well  riveted  together,  and  is  permanently 
attached  to  the  Heater ;  openings  for  cleaning  from  the  outside  of  brick  chamber 
are  provided,  so  that  it  can  be  done  at  any  time  by  any  person.  Our  Heater  has 
undoubted  and  decided  advantages  over  every  other  Heating  Apparatus  now 
offered  for  sale,  especially  for  burning  BitumiuDus  Coal. 

We  desire  to  call  the  attention  of  those  in  want  of  Cooking  Apparatus  to 

OUR  OWN  CELEBRATED  RANGES  (three  sizes). 

HARRISON'S  IMPROVED  EUROPEAN  RANGES  (thirty  sizes). 

IMPROVED  FRENCH  RANGES  AND  BROILERS 

For  Hotels,  Restaurants,  &o. 

And  OUR  PAT«NT  FLAT-TOP  HEATING  RANGE.  . 

LATROBE  HEATERS,  SLATE  MANTELS, 

LOW-DOWN  GRATES,  PORTABLE  HEATERS, 

REGISTERS,  VENTILATORS,  &c„  to. 

jM^Send  ibr  one  of  our  Illustrated  Pamphlets.^^H 
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WILLIAM  SELLERS.  JOHN  SULLEHS,  Jb. 


WM.  SELLERS  &  CO., 

MACHINISTS',  FOUNDERS',  SMITHS' 


AND 


With  Ball   and  Socket-bearings   and  Double   Cone  Viae-couplings, 
admitting  of  the  easiest  possible  adjustment. 

PULLEY  AND  WHEEL  PATTERNS, 

From  which  Castings  or  Finished  Work  will  be  furnished. 

RAILWAY    EQUIPMENTS, 


SOLE  MANUFACTURERS  AND  LICENSEES  OF 

aiFFA-RD'S    IISTJEOTOR, 

For  Feoding  Boilers. 

Digitized  by  VjOOQ IC 


BLj^^KIE'S 


STONE  BREAKER. 


The  of&oe  of  this  machine  is  to  break  stones  of  every  sort  to  a 
suitable  size  for  road  making,  railroad  ballasting  and  concrete,  and 
to  break  Ores  and  Minerals  of  every  kind  into  small  fragments, 
preparatory  to  their  further  comminution  by  other  machinery. 

It  has  now  been  in  use,  enduring  the  severest  tests,  for  the  last 
ten  years,  during  which  time  it  has  been  introduced  into  almost 
every  country  on  the  globe,  and  is  everywhere  received  with  great 
and  increasing  favor  as  a  labor-saving  machine  of  the  first  order. 

Illustrated  circulars,  fully  describing  the  machine,  with  ample 
testimonials  to  its  efficiency  and  utility,  will  be  furnished  on  appli- 
cation, by  letter,  to  the  undersigned. 

IS^The  patents  obtained  for  this  machine  in  the  United  States 
and  in  England  having  been  fully  sustained  by  the  courts,  after 
well  contested  suits  in  both  countries,  all  persons  are  hereby  cau- 
tioned not  to  violate  them ;  and  they  are  informed  that  every  ma- 
chine now  in  use  or  offered  for  sale,  not  made  by  us,  in  which  the 
ores  are  crushed  between  upright  convergent  feces  or  jaws  a^ctuated 
by  a  revolving  shaft  and  fly-wheel,  are  made  and  used  in  violation 
of  our  patent. 

BLAKE  BBOTHEBS,  New  Haven,  GoniL 
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M^CHIlSriSTS*    TOOLS, 


INDUSTRIAL  WORKS, 

PHILADELPHIA. 


Lathes,  Planing,  Shaping,  Slotting,  Boring  and  Turning,  and 
Wheel-cutting  Machines.     Vertical,  Radical,  Horizontal 
and   Suspended  Drills.      Cotter-hole  and  Key- 
seat  Gutting  Machines.     Milling,  Edging, 
Drilling  and  other  Qun  Machinery. 

BOLT  AND  NUT  THREADING  MACHINES. 

DRIflNG-WHEEL  LATHES,  (IU1BTEK1N6  IICEIIIES,  WHEEL  PRESSES 

AND  OTHXB 

STBAM  BAIOIIKBRS, 

Cupolas,  Cranes,  Ladles,  Forges,  Blowers,  Piping,  etc.     Punching 
and   Shearing  Machines.      Bending  Bolls,   Plate- 
planing,  Angle-iron  Cutting  and  other 

Zxrozi.  Slxlp-13-uJJLcUzMr  nCAOlxlzxer^y. 

SHAJFTIISra, 

With  improved  hangers  and  pillow-blocks,  having  both  vertical  and 
horisontal  adjustment  and  self-adjustment  ball-bearings. 

PULLEY  AND  QEABING  PATTEBNS, 
From  which  Castings  or  Finished  work  will  be  furnished. 

BEMENT  &  DOUGHERTY. 
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STEjSlM  HjSlMMEIIS. 


WM.  A.  SWEET  &  CO. 

OF  SYRACUSE,  N.  Y., 

ARE  NOW  PREPARED  TO  MANUFACTURE  TO  ORDER 

With  Sweet's  Improved  Balance  Valire  &  Variable  Cut-Off. 


This  Valve  Motion  gires  our  Hammers  more  range  and  force  for  large-sized 
work,  and  greater  delicacy  and  precision  for  small  work,  combined  with  entire 
economy  in  use  of  steam  (equal  to  the  Corliss  Engine,)  than  any  other  Hammer 
ever  offered. 

They  use  steam  in  proportion  to  the  work  done.  The  Yalve  Motion  is  very 
simple  and  durable ;  is  made  of  the  best  Norway  Iron,  and  case-hardened,  and  all 
the  work  is  done  in  the  best  style  and  finish. 


Weight  of 

Hammer  In 

lbs. 

Blows  per 
Minute. 

Rise  of 
Hammer. 

Will  Reduce 
Ingot  from 

Approximate 

Weight  ot  Whole 

in  lbs. 

400 

850  to  450 

10  in. 

8i  in.  to  1    in. 

7,000 

600 

250  to  850 

15  in. 

5}  in.  to  IJ  in. 

16,000 

1,000 

200  to  800 

20  in. 

7    in.  to  8    in. 

20,000 

1,500 

150  to  250 

80  in. 

10    in.  to  5    in. 

30,000 

2,000 

100  to  150 

40  in. 

14    in.  to  8    in. 

40,000 

Foundation  Drawings  will  be  forwarded  in  season  to  get  foundation  ready  for 
the  Hammer,  and  a  competent  workman  will  be  sent  to  set  the  Hammer  and  give 
instructions  for  working,  at  the  expense  of  the  purchaser.  Price  includes 
Wrenches,  Foundation  Bolts,  Bed-Plate  and  Anvil  Blocks,  delivered  on  board 
the  cars,  boxed  and  packed,  in  good  order. 

TennB,  Cash. 

Dies  and  Die  Chills  extra,  at  10  cts.  per  pound. 

WM.  A.  SWEET  &  CO., 

8TBACUSS,  jr.  T. 
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Oor.  S.  Front  &  Bead  Sts.^  ft  Nob.  614  ft  616  Market  Street, 

PHILADELPHIA. 

Manufacture  Enamelled  Evaporating  Dishes ;  Iron  Mortars,  of  dilFerent  styles ; 
Tinned,  Turned,  and  Plain  Ehamelled  Cauldrons,  from  12  to  120  gallons,  with 
an  assortment  of  other  articles  suitable  for  Chemists'  use. 


ADOUPH  OTTy 

May  be  employed  professionally  as  expert.  Reports  on  mining  land,  and  inves- 
tigations in  subjects  involving  both  mechanical  and  chemical  knowledge,  exami- 
nation of  new  inventions,  etc.    Specialist  for  various  branches  of  Technology,  viz : 

Construction  of  Gas  Generators,  Preservation  of  Wood, 

MANUFACTURE  OF  WHITE  LEAD, 
Desulphurization  of  Ores,  and  Utilization  of  the  Waste  Products  of  Gas  Works. 

Address,  73  EAST  SEVENTH  ST. 

NEW  YOeilK  QlTf. 


THE  SPRING  SESSION  WILL  BEGIN  APRIL  7th. 


Instroction  ii?ill  be  given  in  Civil  Engineering,  Mining,  Metal- 
lurgy, Chemistry,  &c.  The  unrivalled  collections  of  Books,  Instru- 
ments, Models  and  Manuscripts  of  the  late  Prof.  Gillespie,  added  to 
those  of  the  College,  furnish  excellent  facilities  for  instruouon  in 
these  departments.     For  circulars,  address 

GEORGE  GILBERT,  Registrar, 

SCHHBCTADT,  H,  Y. 
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MERRICK  b  SONS 

SOUTSWAES  FOUNDRY, 


480    W  ctslxlzxart^xx  jA.*\rozi.XL09 

PHILADELPHIA, 

:L«ff-AJLTTJr-A.CTTXRB 

Sieam^JEngines—Yor  land  or  mariDo  service;  honsontal,  beam  or  vertlcaL 
Oscillators  of  sizes  ranging  as  follows :  8x10;  10  z  12 ; 
14x14;  18x12. 
Sols  Mjlnufaoturxbs  in  Philasxlphia  and  vioxnxtTi 
OF  WBIGHT'S  PATENT   VARIABLB  CUT-OFP 
ENGINE,  the  best  yet  inirodnced. 
3oi^6r«— Cylinder,  flue  and  tabular. 
Stean^Haiwmera,  of  Nasmyth  or  Davy  styles,  with  the  most  recent  im|m>T»- 

ments^  and  of  all  sizes. 
Strahan's  Drill  Grinding  Best,  and  Twist  Prill-Holder. 
C€Utings — Loam,  dry  and  green  sand,  brass,  Ac. 

'Roofs — Iron  frames  for  covering  with  slate  or  iron — neat,  durable  and  economical. 
Oa^MolderB  of  every  description.    Builders  of  Holder9f&r  the  Philadelphia 

QoB  Worke,  of  100  and  IQQfeei  diameUr. 
Tanks  of  every  form,  for  sugar  estates,  refineries,  oil,  &c. 
€tas    Machinery  of  every  description,  including  Kotorts,    Bench-castings, 
Holders   and  Prames,  Purifiers,  Coke  and  Charcoal 
Barrows,  Gas-Yalves,  Governors,  Hoisting  Machines, 

Manufacturers  for  the  American  Meter  Company  of  their 

Patent  Dry  Centre  Valve  for  changing  purifiers. 
BartoTs  Patent  Wrought  Iron  Retort-lid — durable,  light  and 
cheap. 
Sugar  Maehitieryf  such  as  Yacunm  Pans  and  Pumps,  Defecators,  Bone-Black 
and  Bag  Filters,  Bone-Black  Burners,  Washers  and 
Elevators,  Hydraulic  Elevators,  Sugar  and  Bone-Black 
Cars,  Strike  Heaters,  Open  Steam  Trains,  Ac. 
QlasB  ^  BartoVB  improvement  on  Aspinwall  Jb  WooUey*s 

Centrifugal  Sugar-Draining  Machines. 
N,  JRillieux*e  Patent  Sugar-Boiling  Apparatus,  applicable 

to  Beet-Boot  and  Cane  Sugar. 
Bole  mannlactnren  in  the  United   States  of  Weston  $ 
Patent  Self-«entering,  Self-balancing  Centrifugal  Sugar 
Draining  Machine.       ^ 


Having  had  twenty  years  experience  in  the  manufacture  of  Sugar  Machinery 
for  Cuba,  South  America  and  the  United  States,  they  are  prepared  to  contract  for 
the  design,  and  erection  of  apparatus  for  making  Sugar  from  Beet-Boot  or  Canei 
and  for  refineries  for  either  Sugar  or  Molasses. 

'  They  are  also  in  possession  of  plans  of  the  most  recent  improvements  in 
machinery  vsed  in  Prance  and  Germany  in  the  manufacture  of  Beet-Boot  Sogar. 
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THE  BOYDEN  PREMIUM. 


URIAH  A.  BOTBEN,  Esq.,  of  Boston,  Mass.,  has  deposited  with  ^t  Franks 
tin  InMhUe  the  sam  of  osri  thousand  doUiABS,  to  be  awarded  as  a  Premiam  to 
"  any  resident  of  North  America,  who  shall  determine  by  experiment  fg^u^her  aU 
rayt  of  Ughi^  and  oiker  phytkdl  rayt,  are  or  are  not  tranmiUed  wUh  the  mum  ve- 
loeity." 

The  following  conditions  have  been  established  for  the  award  of  the  Premium  i 

1.  Any  resident  of  North  America,  or  of  the  West  India  Islands,  may  be  a 
competitor  for  the  Premiam ;  the  soathem  boundary  of  Mexico  bebg  consideredi 
as  the  sonthem  limit  of  North  America. 

2.  Each  competitor  must  transmit  to  '^Wm.  Hamilton,  Actuary  of  the  Franklin 
Institute,  Philadelphia,'^  a  memoir  describing  in  detail  the  apparatus^  the  mode 
of  experimenting  and  the  results;  and  all  memoirs  received  by  him  before  the 
first  day  of  January,  one  thousand  eight  hundred  and  sixty-eight,  (1868,)  will, 
as  soon  as  possible  after  that  date,  be  transmitted  to  the  Committee  of  Judges. 

3.  The  Board  of  Managers  of  the  Franklin  Institute  will,  before  the  first  day  of 
January,  one  thousand  eight  hundred  and  sixty-eight,  select  three  citizens  of  the 
United  States,  of  competent  scientific  abilityi  to  whom  the  memoirs  shall  be  re- 
ferred ;  and  the  said  Judges  shall  examine  the  memoirs,  and  report  to  the  Frank- 
lin Institute  whether  in  their  opinion,  any,  and  if  so,  which,  of  the  memoirs  is 
worthy  of  the  premium.  And,  on  their  report,  the  Franklin  Institute  shall  decide 
whether  the  Premium  shall  be  awarded  as  recommended  by  the  Judges. 

4.  Every  memoir  shall  be  anonymous,  but  shall  contain  some  motto  or  sign  by 
which  it  can  be  recognised  and  designated,  and  shall  be  accompanied  by  a  sealed 
envelope,  endorsed  on  the  outside  with  the  same  motto  or  sign,  and  containing 
the  name  and  address  of  the  author  of  the  memoir.  It  shall  be  the  duty  of  the 
Actuary  of  the  Franklin  Institute  to  keep  these  envelopes  securely  and  unopened 
until  the  Judges  shall  have  finished  their  examinations ;  when,  should  the  Judges 
be  of  opinion  that  any  one  of  the  memoirs  is  worthy  of  the  Premium,  the  corres- 
ponding envelopes  shall  be  opened,  and  the  name  of  the  author  communicated  to 
the  Institute.    The  other  envelopes  shall  be  destroyed  without  being  opened. 

5.  Should  the  Judges  think  proper,  they  may  require  the  experiments  described 
in  any  of  the  memoirs  to  be  repeated  in  their  presence. 

6.  The  memoir  which  may  obtain  the  Premium,  shall  become  the  property  of 
the  Franklin  Institute  and  shall  be  published  as  it  may  direct.  Any  unsuccessful 
memoir  will  be  returned  to  the  author  at  his  request. 
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VALUABLE  SCIENTIFIC  BOOKS. 


A.  Dictionary  of  the  Soluhilities  of  Chemical  Sub- 

BtUrtlces*  By  Prof.  F.  H.  STOKER,  of  the  Massachusetts  Institute 
•f  Technology.  1  vol.  in  3  parts,  8  vo.,  paper  covers,  per  part,  $2.00. 
IWhole  work,  cloth,  $T.50. 

The  work  is  excoedingl}'  valuable  to  practical,  as  well  as  to  theoretical  chemists, 
And  thb  apothecary  and  the  manufacturing  chemist,  will  find  its  pages  stored  with 
anformation  needed  on  numerous  occasions,  and  which  here  is  presented  to  them 
in  the  most  accessible  form." 

Cliemical  Tables.  By  S.  P.  SHARPLES,  S.  B.  12  mo. 
cloth,  $2  25. 

This  collection  of  tables  has  been  prepared  with  groat  care  under  the  supervision 
of  Dr.  "Wolcott  Gibbs,  of  the  University  at  Cambridge,  and  will  bo  found  of  great 
%'alue,  both  to  the  student  and  the  practical  chemist. 

Icones  JtTuscorum  ;  or  Figures  and  Descriptions  of  most  of  those 
Mosses  peculiar  to  Eastern  North  America,  which  have  not  been  here- 
tofore figured.  By  WILLIAM  L.  SULLIVANT,  L.  L.  D.  With 
129  copperplates.     Royal  8  vo.     Cloth,  $15.00. 

First  Principles  of  Chemical  Philosophy.  By  Prof. 
J.  P.  COOKE,  Jr.,  of  Harvard  College.     12  mo.  cloth,  $5.50. 

Crystallography.  By  Prof.  J.  P.  COOKE,  Jr.,  of  Harvard 
College.     8  vo.  limp  cloth,  $1.25. 

JBunsen's  Flame  Reactions.  A  method  of  Analysis  in  which 
the  Gas  Lamp  is  substituted  for  the  Blow  Pipe.  Translated  by  Prof. 
C.  F.  HIMES,  Ph.  D,     Pamphlet  8  vo.  75  cents. 

JLardner's  Sand-Book  of  Optics.  A  new  and  revised  edition 
12mo.  cloth,  $2.50. 

Mathematical  Monthly.  1859  to  1S61.  3  vols.  4to.,  cloth, 
$12.00.     Catalogues  of  Scientific  Works  sent  on  application. 

Any  of  the  above  sent  by  mail,  on  receipt  of  price,  by 

SEVER,  FRANCIS  &  CO., 

Publishers  and  Dealers  iu  SCIENTIFIC  AND  EDUCATIONAL  BOOK9, 

21  Bromfleld  Street,  Boston. 
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Contents  for  September,  1869. 


IIIU0lratlons— Plates  and  Woodculi.- 

EDITORIAL. 

PASS  \ 

Items  and  Novelties— The  Giffard  Injector  (1  cut),  140;  The  Joy  Hammer 
(I  cut) ;  A  Big  Belt,  14C :  Hammering  Iron  until  it  is  Be  1-bot ;  The  East 
River  Bridge,  U.  S.  A.,  147  ;  Gas  Blasting  ;  A  Rapid  Change  of  Gauge ; 
Explosion  of  Nitro-Glycerino,  148;  Edipse  Notes,  *<  First  Contact"  with 
the  Spectroscope,  149;  Spectrum  of  the  Corona,  The  Corona  not  Polar- 
ized, Solar  Prominences  as  Seen  and  as  Photographed,  150;  Meteoric 
Shower  during  the  Eclipse,  Solar  Prominences,  151 ;  On  the  Means  of 
entirely  Preventing  Bumping  of  Liquids  while  Boiling ;  The  AVater  of 
the  Grenello  Artesian  Well;  Climate  of  the  Isthmus  of  Suez,  103;  Very 
durable  Cement  for  Iron  and  Stone;  Improvement  of  Acid  Waters  often 
Pumped  up  from  Coal-pits  and  Mines;  Volumetrical  Estimation  of  Sul- 
phuric Acid,  154;  Testing  Chloroform  for  the  presence  of  Alcohol  and 
Ether;  Salt  Deposits  near  Berlin;  Sensitiveness  of  divers  Methods  for  the 
Detection  of  Arsenic;  Use  of  the  Spectroscope  to  Distinguish  a  Feeble 
Light  present  with  a  Strong  Light,  15->;  Palladium  and  Hydrogen  ;  Ra- 
diation of  Heat  from  the  Moon  ;  Action  of  Sunlight  on  Mineral  Oils,  156 ; 
Physiological  Effects  of  Compressed  Air;  Oxygen  developed  without 
Heat ;  Bronzing  Process,  applicable  to  Porcelain,  &c. ;  Ventilation,  157  ; 
Oxyhydrogen  Light,  Ozone,  158;  Cornish  Pumping  Engine;  Marcy's 
Improved  Magic  Lantern  (I  cut),  159;  Analysis  of  Halhorn  Spring 
Water;  The  Boring  for  Rock  Salt IGO  ] 

CIVIL  AND  MECHANICAL  ENGINEERING. 

Belting  Facts  and  Figures,  No.  II.     By  J.  H.  Cooper,  (continued.)  (2  cuts)...  101 

Laying  Culverts  under  the  Beds^ of  Rivers  and  Canals 164 

The  Boiler  Explosion  at  Bingley 167 

Road  Watering  by  Mr.  Cooper's  System 168 

The  London  Water  Supply 169 

The  Preservation  of  Stone ; 175 

Opening  of  Kansas  City  Bridge— Engineer's  Test  and  Report 177 

Kansas  City  Bridge ,  179  | 

Local  Attraction 187 

MECHANICS,  PHYSICS  AND  CHEMISTRY. 

On  various  Processes  for  Preserving  Timber.     By  Dr.  Adolph  Ott 188 

On  Computing  and  Comparing  of  Indicator  Diagrams.     By  G.  H.  Babcock...  193 
Solar  Eclipse,  August  7th,  1869— The  Philada.  Photographic  Expedition 200  | 

FRANKLIN  INSTITUTE. 
Proceedings  of  the  Stated  Meeting,  June  ICth,  1869 216  ! 
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RfCKNTLY  PUBLISHED  BY 

23  Murray  Street  and  27  Warren  Street^  New  York. 

Report  on  Maehtnery,  and  Proceaeefl  of  the  Indnntrial  Arts  nod  Appftratoe  of  the  Exact  Sdenoes. 
By  F.  A.  P.  BHTnard,  LL.O.    Paris  Universal  fixposition,  1867.    1  toI.  8to.    Cloth,  $5.03 

AvclilDcloBS.  Application  of  tike  Slide  Valve  and  Link  Motion  to  Stationary, 
Portable,  Locomotive  aDd  Marine  Kiigines,  with  new  and  simple  m«tbod8  for  proportioning  the  parts.  Bj 
Wm.  8.  AuchiDcloss,  Civil  and  Mechanical  Engineer,    lllastratcd  with  58  plates.    8to.,  cloth,  $300. 

Clarke's  <talncjr  Bridge.  Description  of  the  Iron  Railway  Bridge  across  the  Mississippi  River 
at  Quincy,  III.  By  Tlioe.  C.  Ciuake,  Chief  Engineer.  Illustrated  with  nnnieroos  lithographed  platea. 
1  vol.,  4to.,  cloth,  17.50. 

Submarine  Blasting  In  Boston  Harbor,  Mass,  Removal  of  Tower  and  Corwln  Rocks. 
By  Ot-n.  J.  G.  Foster,  U.  8.  A.,  Li.  Col.  of  Englneei-s.    With  illustrations.    4to.,  cloth,  $3.£0. 

A  New  System  of  Fortlflcatlons.  By  Col.  Qoorge  £.  Dead,  U.  S.  A.  With  illnstratioos. 
4to.,  paper,  $1.00. 

Engineering  Faets  and  Figures  for  1S68.  Annual  Register  of  Progiv«  in  Mechanical 
Enginevriiig  and  Coostructiou.   Edited  by  Andrew  Bell  Brown,  Mechanical  Engineer.    l*2mo.,  cloth,  $3.00. 

Designing  and  Constmetlon  of  Macklne  Gearing.  By  Francis  Ilerbert  Joynaon. 
Illustrated.    8vo.,  cloth,  $2.U0 

Ho^r  to  Beconte  a  Successful  Engineer.  Being  Hints  to  Youths  InU.'nding  to  adopt  the 
Profession.    By  Bernard  Htuart.    12mo.    Cloth,  75  cents. 

Free-Hand  Drawrlngi  A  Guide  to  Ornamental,  Figure  and  Landscape  Drawing.  By  an  Art 
{Student.    Profusely  iliustnttvU.    12mo.    Cloth,  75  cents. 

Tlie  Eartli's  Crust  i    A  Handy  Outline  of  Geology.    By  David  Page.    Illustrated.   ISmo.  Cloth, 

75  cents. 

Dictlonarjrof  Manufactures,  Mining,  Macklnery  and  tke  Industrial  Airta. 

By  (leorge  Dodd.     l-2mo.    Cloth,  $2.00. 
A  COMPBEfDIOUS  MANUAL  OF  <iUALITATIVB   CHSMICAC  AH ALTSIS. 

By  Chus.  W.  Elliot  and  Frank  A.  Storer,  Professors  of  Chemistry  in  the  Massachusetts  Institute  of  Tech- 
noio;^.    12mo.,  illustrated.    Cloth,  $1  50. 

IN VESTIGATION S  OF  FORMULA,  lor  the  Strength  of  the  Iron  Parts  of  Steam  Machi- 
nery.   By  J.  D.  Van  Burun,  Jr.,  C.  E.    1  vol.  8vo.,  illustrated,  cloth,  $2.00. 

ON  THB  FILTRATION  OF  RIVER  TITATBRS,  for  the  Supply  of  CiUes  as  practised 
In  Euroiie,  made  to  the  Board  of  Water  Comniissiouers  of  the  Cify  of  St.  Louis.  By  J.  P.  Kirkwood,  C.  IS. 
Illustrated  by  SO  engravings.    4to.,  cloth,  $15.00 

THB  PLANB-TABLB  AND  ITS  USB  IN  TOPOGRAPHICAL  SURVBTING. 
From  the  Papers  of  the  U.S.  Survey,    8  vo.,  illustrated.    Cloth,  $2.50 

MBTALS  USBD  IN  CONSTRUCTION.  Iron,  Steel,  Bessemer  Metal,  etc.,  etc.  ByF.  H. 
Joynson.     With  illustrations.    12mo.,  cloth,  75  cents. 

BLBCTRIC  TBLBGRAPII,  By  Robert  Sabine,  C.  E.  Second  edition  with  additions,  full j 
illustrated.    Cloth,  $1.75. 

49*  Any  of  the  above  works  sent  Free  by  Mail  on  Receipt  of  the  Retail  Price. 

%*  Cop!esof  our  new  Catalogue  of  American  and  Foreign  Scientific  Books,  66  pp.  Rvo.,  sent  to  any  ad- 
dress on  receipt  of  six  cents  in  postage  stamps. 

Trautwine's  Engineering  Works. 

New  Editions  of  FIELD  PRACTICE  FOR  LAYING  OUT 
CURVES  FOR  RAILROADS, 

ALSO 

NEW  SYSTEM  OF  CALCULATING  CONTENTS  OF  EXCAVA- 
TIONS AND  EMBANKMENTS  BY  MEANS  OF  DIAGRAMS. 

By  J.  C.  TRAUTWINE,  Civ.  Eng. 

The  above  works  hare  large  and  important  additions  not  contained 
in  the  former  editions.  In  the  latter  work  will  be  found  rules  for 
calculating  Earth  and  Rock  excavations,  with  ready  calculated  tables 
of  the  same.  Price  of  each  bOok,  $3.00. 

Published  and  for  salo  by 

WILLIAM  HAMILTON, 

Hall  of  the  Franklin  Institute,  Philadelphia^  Pa. 
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ITEMS  AND  NOVELTIES. 

Louisville  Bridge. — The  bridge  to  span  the  Ohio  Eiver  at 
Louisville,  Kj.,  is  being  rapidly  pushed  to  completion,  and  is  now 
so  far  advanced  that  the  engineers  are  confident  that  trains  will 
cross  early  in  November  next.  The  first  stone  on  this  bridge  was 
laid  August  1st,  1867,  since  which  time  the  work  has  steadily  pro- 
gressed. There  are  27  piers  and  4  abutments  (including  2  abut- 
ments at  crossing  of  JeiBfersonville  and  New  Albany  Railroad)  con- 
taining in  the  aggregate  81,000  cubic  yards  of  stone.  This  masonry 
supports  an  all-iron  superstructure  having  a  total  length  of  5,280 
feet,  and  composed  of  spans  varying  in  length  from  50  to  400  feet, 
these  are  arranged  in  the  following  order,  commencing  at  the  Ken- 
tucky end,  viz :  two  spans  of  50  feet,  one  draw  span  over  Louisville 
and  Portland  Canal  of  264  feet,  four  spans  of  150  feet,  two  spans  of 
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180  feet,  two  spans  of  210  feet,  two  spans  of  227  feet,  one  span  of 
370  feet  (over  grade),  six  spans  of  245*5  feet,  one  span  of  400  feet, 
(over  grade),  three  spans  of  180  feet,  one  span  of  150  feet,  and  one 
span  of  100  feet  reaching  Indiana  abutment,  also  one  span  of  49  feet 
in  continuation  of  embankment  over  Jefiersonville  and  N.  A.  B.  B. 

The  grade  of  rail  approaching  the  bridge  on  Kentucky  side  is 
elevated  four  feet  above  that  at  point  of  crossing  on  High  Street, 
from  which  street  it  ascends  at  the  rate  of  76  feet  per  mile,  striking 
the  first  span  of  bridge  at  an  elevation  of  61  feet  above  low  water, 
and  continuing  the  same  till  it  reaches  the  Kentucky  end  of  the 
870  feet  span  over  the  middle  channel,  where  it  has  an  elevation  of 
95  feet  above  low  water  in  this  channel.  From  this  point  the  grade 
is  level  to  the  Indiana  end  of  the  400  feet  span,  which  spans  the 
Indiana  Channel  (a  distance  of  2,243  feet)  at  this  point.  The  grade 
line  is  101 J  feet  above  low  water  (low  water  mark  being  6J  feet 
lower  than  in  middle  channel).  The  grade  from  here  descends  at 
the  rata  of  76  feet  to  the  mile,  reaching  the  northern  abutment  35 
feet  above  surface  of  ground  j  the  grade  of  Indiana  approach  con- 
tinues to  descend  at  same  rate^  reaching  the  surface  at  a  distance  of 
2,500  feet  from  abutment. 

The  superstructure  is  placed  below  grade  except  where  it  crosses 
the  Middle  and  Indiana  Channels^ 

All  of  the  piers  are  finished  but  four,  and  these  are  so  well  ad- 
vanced that  they  will  be  finished  before  required  for  the  superstruc- 
ture. This  is  being  raised  at  both  ends ;  on  the  Kentucky  side  the 
870  feet  span  has  just  been  completed,  and  one  of  the  intermediate 
245*5  feet  spans  is  being  erected,  on  the  Indiana  side  the  400  feet 
span  is  in  process  of  erection. 

The  undergrade  portion  is  of  the  plan  known  as  Fink's  Suspen- 
sion Truss,  while  the  channel  spans  are  of  the  triangular  plan  as 
arranged  by  the  same  gentleman,  the  870  feet  span  is  the  longest 
iron  truss  yet  erected  in  America,  and  is  of  wrought  iron,  excepting 
the  top  chords  and  brace  pedestals,  they  being  of  cast  iron.  The 
braces  and  posts  are  of  Phoenix  wrought  iron  columns  varying  in 
diameter  from  5  to  17  inches,  according  to  the  position  they  occupy 
in  the  structure. 

The  400  feet  span  is  entirely  similar  in  detail  and  arrangement. 
The  undergrade  portion  has  its  top  chords,  floor-beams  (arched, 
with  a  tie),  and  post  pedestals  of  cast  iron,  the  remaining  parts  are 
of  wrought  iron,  the  posts  being  of  Phoenix  columns. 
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This  bridge  will  be  arranged  for  the  accommodation  of  both  rail- 
road and  carriage  traffic,  with  a  foot- walk  on  either  side,  all  on  the 
same  floor.  The  railroad  track  will  be  laid  in  the  centre  with  an 
outside  rail  on  either  side,  one  rail  of  the  railroad  track  forming  J 

with  each  outside  rail  a  double  street  railroad  track. 

No  street  cars  or  vehicles  can  cross  at  the  same  time  as  a  loco- 
motive, but  street  cars  and  common  carriages  can  pass  each  other 
at  any  place  on  the  bridge.  Both  masonry  and  superstructure  are 
being  constructed  by  the  Bridge  Company,  the  former  having  been 
given  over  by  the  original  contractors,  and  the  latter  being  deliv- 
ered ready  for  erection  at  a  price  per  pound,  all  drawings  being 
furnished  by  the  engineers  of  the  bridge. 

This  great  work  has  been  planned  by,  and  is  being  carried  out 
under,  the  supervision  of  Messrs.  Albert  Fink,  Chief  Engineer,  and 
F.  W.  Vaughan,  Principal  Assistant  Engineer. 

Estimated  cost  $1,600,000,  including  land  and  depots. 

Safety-Catch  for  Double  Hoists  or  Inclined  Planes.— In 
the  report  of  the  Eesident  Secretary,  at  the  last  meeting  of  the  In- 
stitute, was  included  among  other  things  a  description,  illustrated 
by  a  working  model,  of  the  improved  safety-catch  for  double  hoists 
or  inclined  planes,  devised  and  constructed  by  Mr.  J.  V.  Merrick. 
The  important  feature  involved  in  this  apparatus,  (as  also  in  that  de- 
vice by  the  same  gentleman,  formerly  described  by  us  in  this 
Journal,  Yol.  LVI.,  page  74,)  is  that  the  catch  is  not  operated  by  a 
spring  or  other  source  of  motion  which  is  normally  at  rest,  and 
likely  to  become  useless  without  giving  any  sign  of  such  deteriora- 
tion, but  is  thrown  into  action  by  what  may  be  called  a  counter- 
weight which  moves  with  tlie  rest  of  the  apparatus,  and  cannot  in 
any  way  be  disarranged  without  immediate  notice  and  indeed  stop- 
page of  the  machine,  in  a  secure  position.  In  the  present  ca^,  each 
cage  or  car  of  the  double  hoist  acts  as  a  counter- weight  for  the  catch 
of  the  other. 

The  catches  of  the  two  cars  are  in  fact  united  by  a  slack  cord 
passed  over  pulleys  near  the  hoisting-drum  or  wheel,  and  so,  if  the 
main  rope  breaks,  the  cars  beginning  to  run  down,  the  slack  cord 
is  tightened  with  double  their  velocity,  and  the  catches  instantly 
engaged.  By  means  of  the  model,  repeated  demonstration  was  made 
of  the  efficiency  of  this  arrangement. 

Paper  Belting. — There  was  also  exhibited  at  the  above  meeting 
a  specimen  of  paper  belting,  manufactured  by  Messrs.  Crane  Bros.^ 
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Westfield,  Mass.  The  new  article  of  belting  is  made  of  pure  linen 
stock.  Equal  durability  and  driving  power  with  leather  belting  is 
guaranteed,  except  when  used  for  shifted  belts ;  none  are  made  nar- 
rower than  five  inches.  It  does  not  stretch,  nor  change  shape,  and 
can  be  made  in  one  piece,  of  any  desired  length  and  width  and  thick- 
ness, and  is  uniform  in  every  particular.  It  hugs  the  surface  of  the 
pulleys  closely;  generates  no  electricity  while  running;  is  sufficiently 
flexible  to  pass  over  six-inch  pulleys  without  cracking ;  is  not  in- 
jured by  the  heat,  dust,  oil  or  moisture,  incident  to  ordinary  use, 
and  is  forty  per  cent,  cheaper  than  leather. 

East  River  Bridge. — At  page  149  of  our  last  number,  appears 
a  notice  of  this  work,  in  which  is  given  a  list  of  consulting  engi- 
neers: among  these  is  a  Mr.  Lathrop;  this  is  a  typographical  or 
reporter's  error  in  the  paper  from  which  this  notice  was  taken;  the 
gentleman  whose  name  should  have  occupied  this  place  being  Mr. 
Benjamin  H.  Latrobe,  of  Baltimore. 

Ship  Canal  between  New  York  and  Newark.— A  meeting 
of  the  company  recently  organized  fof  the  purpose  of  constructing 
a  ship  canal  between  Newark  and  New  York  is  to  be  held  in  a  few 
days  in  the  city  of  Newark,  to  elect  a  board  of  directors,  $250,000 
-Worth  of  stock  having  been  subscribed*  The  capital  stock  was  pri- 
marily fixed  at  $1,000,000,  in  shares  of  $50  each ;  but  it  was  enacted, 
in  1868,  that  it  might  be  lawful  for  the  Canal  Company  to  extend 
their  canal  from  Newark  Bay  across  the  marshes  to  a  suitable  point 
in  Newark  City,  and  to  increase  their  capital  stock  to  such  an 
amount  as  should  be  necessary  to  carry  out  the  original  scheme 
with  the  extension,  the  capital  is  now  fixed  at  $6,000,000. 

The  line  will  run  from  Dawson  street,  Newark,  extending  to 
Oyster  Island,  in  New  York  Bay.  Thus  the  line  will  b<5  almost 
parallel  to  that  of  the  Newark  and  New  York  Kailroad,  which  is  an 
air  line.  The  total  length  of  the  canal  will  be  nine  miles.  It  will 
be  200  feet  wide,  as  far  as  the  east  side  of  Newark  Bay,  where  it 
has  an  increased  width  of  100  feet,  making  it  at  least  300  feet  wide 
at  Bergen's  Neck.  There  will  be  a  line  of  docks  on  both  sides  of 
the  canal  200  feet  wide,  extending  the  whole  length.  In  Newark 
there  will  be  piers  300  feet  wide,  the  depth  of  water  being  at  low 
tide  16  feet,  and  22  feet  at  high  tide,  but  at  the  Passaic  Channel 
bank,  the  depth  is  only  5  J  feet  at  low  tide* 

There  are  difBiculties  to  be  overcome  in  this  undertaking,  the 
principal  one  being  that  of  securing  the  proper  depth  of  water 
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in  the  canal  at  low  tide.  The  cutting  will  be  the  deepest  at  Bergen 
Neck,  where  it  is  to  be  45  feet.  The  earth  from  this  cutting  will 
be  removed  to  fill  up  the  piers  in  New  York  Bay,  and  these  piers, 
it  is  said,  will  be  better  adapted  for  commercial  purposes  than  those  on 
the  eastern  shores.  It  is  intended  to  run  a  ferry  on  the  canal  be- 
tween Newark  and  New  York,  the  distance  to  be  run  in  40  minutes. 
— Evening  Telegraph, 

Elastic  Steel  Washer,  manufactured  by  William  Wharton,  Jr., 
Thirty-second  and  Walnut  Streets,  Philadelphia. 

This  article,  just  invented  and  patented,  is  intended  to  meet  the 
obvious  need  of  a  complete  check  on  the  loosening  of  screw-bolts 
and  similar  fastenings  subject  to  severe,  unequal  strains.  It  is  a 
spheroidal  steel  washer  of  varying  diameters,  from  one  and  a-half  to 
twenty  inches,  adapted  specially  to  railroad  joints,  cars,  bridges, 
and  locomotives. 

The  principle  of  its  eflFectiveness  consists  in  applying  sufficient 
elasticity  to  meet  the  elongation  of  the  bolt  consequent  upon  the 
unequal  strain  inseparable  from  the  passage  of  railroad  trains  at  a 
high  speed,  this  inequality  being  owing  to  the  impaired  rotundity  of 
the  wheel  which  is  sure  to  follow  either  from  imperfection  in  the 
original  casting,  or  from  the  sliding  of  the  wheel  under  the  action 
of  the  brake.  Observant  engineers  have  long  been  aware  of  this 
grave  difficulty,  it  having  been  ascertained  that  when  a  wheel  is 
injured  in  its  periphery,  its  action  on  the  rail  is  entirely  changed, 
the  flattened  part  operating  immediately  as  a  hammer,  and  its  mur- 
derous jar  spreading  injury  and  danger  in  various  directions. 

The  spheroidal  shape  of  this  washer  ensures  the  most  economical 
application  of  power  from  a  given  amount  of  metal  under  the  cir- 
cumstances of  the  case,  and  its  diameter  and  thickness  can  be  exactly 
adapted  to  the  size  of  the  bolt  and  the  amount  of  strain  to  be  en- 
countered. 

On  the  New  Method  of  Purifying  Oils,  invented  by  M.  Mi- 
chaud,  of  Honfleur ;  the  report  is  from  the  hand  of  M.  A.  Chevalier. 
After  having  reviewed  the  diflferent  processes  in  use  from  the  mid- 
dle of  last  century,  to  render  fatty  oils,  such  as  rape  seed  and  colza 
oils,  more  suitable  for  use  in  lamps  of  a  more  complicated  con- 
struction, the  author  of  the  report  states  that  M.  Michaud's  process 
consists  of  a  defecation  of  the  raw  oil  by  the  simultaneous  introduc- 
tion therein  of  jets  of  air  and  thin  streams  of  sulphuric  acid,  where- 
by those  substances  contained  in  the  raw  oil,  which  are  injurious 
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to  its  properties  for  use  in  moderator  and  carcel  lamps  are  coagu- 
lated and  brought  to  the  surface  of  the  oil  as  a  scum,  which  can  be 
easily  removed;  the  oil  is  next  washed  with  water,  afterwards  heated 
by  steam  to  100°  C,  and,  lastly,  filtered  through  cotton  and  a  layer 
of  clean  and  pulverized  marble,  at  a  temperature  of  40°  C,  yielding 
an  excellent  material  for  use  in  lamps. 

New  Marking  Ink  for  Linen. — M.  Ruhr  recommends  the 
following  preparation : — One  part  of  hypophosphite  of  soda,  and 
two  parts  of  gum  arable,  are  dissolved  in  sixteen  parts  of  distilled 
water.    The  tissue,  linen  or  cotton,  to  be  marked  is  thoroughly        I 
moistened  with  this  liquid  and  then  left  to  dry.    After  having  be- 
come well  dried,  the  following  liquid,  composed  of  one  part  of  ni-        | 
trate  of  silver,  and  six  parts  of  gum  dissolved  in  six  parts  of  dif-        | 
tilled  water,  is  used  as  marking  ink,  with  a  quill-pen.   The  mixtures        | 
here  described  are  stated  to  yield  an  indelible  and  very  deep  black-        I 
colored  ink.  I 

Artificial  Ebony. — This  material  is  prepared  on  the  large  scale  | 
in  the  following  manner : — 60  parts  of  charcoal,  obtained  from  sea- 
weeds, and  previously  treated  with  dilute  sulphuric  acid,  and  dried, 
are  ground  to  powder,  and  mixed  with  two  parts  of  liquid  glue,  5 
of  gutta-percha,  and  2^  of  caoutchouc,  care  having  been  taken  to 
mix  the  two  latter  substances  with  coal-tar  oil,  and  thus  to  render 
them  gelatinous ;  next  10  parts  of  coal-tar,  6  of  pulverized  sulphur, 
2  of  pulverized  alum,  and  5  of  powdered  resin  are  added,  and  the 
mixture  heated  to  300**  F.  After  having  been  cooled,  a  substance 
is  obtained,  which  in  every  respect  is  equal  to  genuine  ebony  wood, 
but  is  far  less  expensive,  and  takes  a  finer  polish. 

ECLIPSE  NOTES.— Photographs  of  the  Chromosphere.— 
In  a  letter  just  received  from  Dr.  B.  A.  Gould,  we  find  the  following 
interesting  paragraphs  which,  with  his  permission,  we  extract : — 
"An  examination  of  the  beautiful  photographs  made  at  Burlington 
and  Ottumwa,  by  the  sections  of  your  party  in  charge  of  Profes- 
sors Mayer  and  Himes,  and  a  comparison  of  them  with  my  sketches 
of  the  corona,  have  led  me  to  the  conviction  that  the  radiance  around 
the  moon,  in  the  pictures  made  during  totality,  is  not  the  corona  at 
all,  but  is  actually  the  image  of  what  Lockyer  has  called  the  chro- 
mosphere. 

"This  interesting  fact  is  indicated  by  many  diflferent  considerations. 
The  directions  of  maximum  radiance  do  not  coincide  with  those  of 
the  great  beams  of  the  corona ;  they  remained  constant  while  the 
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latter  were  variable ;  there  is  a  diameter,  approximately  corres-  4^ 

ponding  to  the  solar  axis,  near  the  extremities  of  which  the  ra^i-  **^ 

ance  upon  the  photographs  is  a  minimum,  whereas  the  coronal  ^^5 

beams  in  these  directions  were  especially  marked  during  a  great  '  f^ 

part  of  the  total  obscuration.    The  coronal  beams  stood  in  no  ap-  "% 

parent  relation  to  the  protuberances,  whereas  the  aureole,  seen  upon  '3 

the  photographs,  is  most  marked  in  their  immediate  vicinity.     In-  i 

deed,  the  great  protuberance,  at  230°  to  245°,  seems  to  have  formed  3 

a  southern  limit  to  the  radiance  on  the  western  side,  while  a  sharp  ^^ 

northern  limit  is  seen  on  all  the  photographs  at  about  350°,  the  in-  -; 

termediate  arc  being  thickly  studded  with  protuberances,  which  the  :^\ 

moon  displayed  at  the  close  of  totality.    The  exquisite  masses  of  % 

flocculent  light  on  the  following  limb  are  upon  the  two  sides  of  that  "^ 

curious  prominence  at  93°,  which  at  first  resembled  an  ear  of  corn,  ; 

as  you  have  said,  but  which  in  the  later  pictures,  after  it  had  been  ^ 

more  occulted,  and  its  southern  branch  thus  rendered  more  conspi-  * 

cuous,  was  like  a  pair  of  antelope  horns,  to  which  some  observers  \ 

compared  it.     Whatever  of  this  aureole  is  shown  upon  the  photo-  '-> 

graphs,  was  occulted  or  displayed  by  the  lunar  motion,  precisely  as 
the  protuberances  were.  The  variations  in  the  form  of  the  corona 
on  the  other  hand,  did  not  seem  to  be  dependent  in  any  degree  upon 
the  moon's  motion. 

"The  singular  and  elegant  structural  indications,  in  the  special  ag- 
gregations of  light  on  the  eastern  side,  may  be  of  high  value  in 
guiding  to  a  farther  knowledge  of  the  chromosphere.  They  are 
manifest  in  all  the  photographs  by  your  parties  which  I  have  seen, 
but  are  especially  marked  in  those  of  shortest  exposure,  such  as 
the  first  one  at  Ottumwa.  In  some  of  the  later  views  they  may  be 
detected  on  the  other  side  of  the  sun,  though  less  distinct.  But  the 
very  irregular  and  jagged  outline  of  the  chromosphere,  as  described 
by  Janssen  and  Lockyer,  is  exhibited  in  perfection. 

"  This  happy  result  is  clearly  attributable  to  the  relative  shortness 
of  the  time  of  exposure  by  which  the  highly  photographic  rays  of 
the  chromosphere  have  depicted  themselves,  without  obliteration 
by  the  mass  of  coronal  light  which  veiled  them  from  the  eye.  Let 
as  hope  that  at  the  next  total  eclipse  some  impressions  may  be 
taken  with  an  exposure  not  exceeding  a  single  second,  as  you  have 
suggested  on  p.  210.  The  inference  seems  warrantable  that  in  this 
way,  better  than  in  any  other,  the  internal  structure  of  the  protu- 
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berances  may  be  exhibited  though  other  phenomena  may  fail  to 
record  themselves. 

"  You  will  observe  that  some  of  the  brighter,  petal-like,  floccuh  of 
light  have  produced  apparent  indentations  in  the  moon's  limb  at 
their  base,  like  those  at  the  bases  of  the  protuberances.  These  in- 
dentations are  evidently  due  to  specular  reflection  from  the  moon's 
surface,  as  I  stated  to  the  American  Association  at  Salem,  last 
mont)i.  Had  any  doubt  existed  in  my  mind,  previously,  it  would 
have  been  removed  by  an  inspection  of  the  photographs. 

"  I  shall  send  the  substance  of  these  remarks  to  Prof.  Coffin,  as  a 
sort  of  postscript  to  my  report,  which  contains  only  the  results  of 
personal  observation  at  the  time." 

Abstract  of  Frof.  Young's  Report.— The  observer  was  a 
member  of  the  party  under  the  direction  of  Prof.  J.  H.  C.  Coffin,  of 
the  Nautical  Almanac  Office^  stationed  at  Burlington,  Iowa. 

The  instrument  employed  was  a  spectroscope  with  5  prisms  of 
45°  each,  having  faces^2 J  by  3 J  inches;  the  collimator  and  telescope 
had  apertures  of  2  J  inches,  with  a  focal  length  of  17.  These  were 
connected  with  a  "comet  seeker"  of  4  in.  aperture  and  30  in.  focus, 
used  with  an  eye-piece,  and  giving  an  image  of  the  sun,  2J  inches 
in  diameter,  on  the  slit  of  the  spectroscope.  A  graduated  screen  at 
the  slit  determined  positions  of  points  on  the  sun's  limb,  and  a  wire 
micrometer  measured  the  positions  of  spectrum  lines.  The  whole 
was  mounted  equatorially  with  slow  motion  screws. 

Protuberances  were  noted  before  the  eclipse  at  +  85°  to  100°, 
large  and  not  very  bright ;  at  +  146°,  small  and  bright.  The  pho- 
tographs show  another  at  155°,  which  escaped  notice;  also  at 
—  70°  to  80°  low,  but  pretty  bright ;  and  at  — 130°,  very  large 
and  bright,  the  principal  one.  Angles  are  reckoned  on  the  sun's 
limb  from  the  North  point,  +  towards  the  East,  —  towards  the 
West. 

The  first  contact  was  observed  by  watching  the  gradual  shorten- 
ing and  final  extinction  of  the  bright  line^  c,  in  the  spectrum  of 
the  prominence,  which  happened  to  be  at  the  point  of  contact.  The 
moon's  approach  was  perceived  full  thirty  seconds  before  its  actual 
appulse ;  the  observation  was  perfectly  easy,  and  the  time  deter- 
mined is  certainly  to  be  relied  on  within  half  a  second,  and  proba- 
bly much  less.  The  presence  of  a  prominence  at  the  point  of 
contact  is  not  essential  to  the  success  of  the  method,  as  there  is 
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everywhere  on  the  sun's  limb  sufficient  depth  of  chromosphere  to 
answer  the  purpose. 

It  is  proposed  to  apply  the  spectroscope  to  observations  both  of 
the  external  and  internal  contacts  at  the  next  transit  of  Venus. 

During  the  totality,  the  following  9  bright  lines  were  observed 
in  the  spectrum,  viz:  c  dazzling  in  brilliance;  1017'5  (near  D, 
the  numbers  refer  to  Kirchhoff's  scale,)  very  bright,  but  not 
equal  to  c;  1250+20,  very  faint,  position  only  estimated ;  1350+20, 
like  the  preceding ;  1474  (a  little  below  e,)  conspicuous,  but  not 
more  than  half  as  bright  as  1017*5;  F,  next  to  c  in  brightness; 
2602+2,  a  little  fainter  than  1474,  position  determined  by  microme- 
trical  reference  to  the  next;  2796,  a  little  below  G,  the  well- 
known  H.y  line  in  brightness  between  1017*5  and  1474;  and 
finally  H,  or  Hfi,  somewhat  brighter  than  1474.  b  was  not  seen,  it 
is  supposed,  on  account  of  a  mistake  in  carrying  that  portion  of  the 
spectrum  through  the  field  while  there  was  no  prominence  on  the 
slit. 

*  The  line  1474  was  recognized  as  belonging  to  the  spectrum  of 
corona^  in  the  first  place,  by  its  extending  clear  across  the  spectrum, 
while  1017  did  not,  and  then  by  its  remaining  visible  when  the 
slit  was  moved  away  from  the  protuberance,  while  the  other  lines 
(c  and  1017)  disappeared.  The  impression  of  the  observer  is  that 
faint  lines  1250  and  1350  behaved  in  the  same  manner,  but  his 
recollection  as  to  this  point  is  not  very  certain. 

These  three  lines,  1250,  1350  and  1474,  coincide  far  within  the 
probable  errors  of  observation  with  three  lines  observed  by  Prof* 
Winlock  in  the  spectrum  of  the  Aurora  Borealis.  The  two  first 
are  not  accurately  enough  determined,  in  position,  to  allow  much 
stress  to  be  put  upon  any  apparent  coincidences  on  their  part,  but 

*  A  caroful  examination  of  the  photographs  of  the  prominences  on  the  eastern 
limb  of  the  sun,  upon  which  the  slit  of  the  spectroscope  was  directed  during  the 
first  half  of  totality,  somewhat  diminishes  my  confidence  in  the  conclusion  of  the 
text,  as  to  the  nature  of  these  3  lines.  I  think  it  absolutely  certain  that  they  do 
not  belong  to  the  spectrum  of  the  brilliant  portion  of  the  prominences ;  but  the  pho- 
tograph shows,  in  addition,  an  extensive  nebulosity  surrounding  the  nuclei,  with 
a  pretty  definite  boundary  of  its  own.  This  nebulosity  is  best  seen  in  No.  2  of  the 
totality  pictures  taken  at  Burlington.  Now,  it  is  possible  that  these  lines  may 
belong  to  this  nebulosity ^  and  not  to  the  corona  proper ;  for  I  cannot  recall,  with 
certainty,  whether  the  1474  line  retained  its  brilliance  at  any  considerable  distance 
from  the  prominences.  My  impression  is  that  it  did,  and  that  the  text  is  correct, 
but  do  not  wish  to  be  too  positive.  The  eclipse  of  December,  1870,  will  decide,  of 
course. 
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the  last  is  perfectly  well  known,  and  its  exact  agi*eeraent,  throughout 
with  one  of  the  fainter  lines  of  the  Aurora,  when  combined  with 
the  general  appearance  of  the  Corona  and  other  considerations,  give 
a  good  deal  of  probability  to  the  conjecture  that  our  Aurora  Bore- 
alls  and  the  Solar  Corona  are  identical  phenomena. 

The  line  1474  is  given  by  both  Kirchhoff  and  Angstrom  (not  by 
Huggins,  who,  however,  omits  many  faint  lines,)  as  belonging  to 
the  iron  spectrum,  and  this  suggests  the  inquiry  whether  we  are  to 
admit  the  existence  of  iron  in  thfe  auroral  heights  of  our  atmosphere, 
or  are  to  account  for  this  line  in  the  iron  spectrum  by  some  un- 
known substance  of  gaseous  nature. 

The  corona  showed,  also,  a  faint  continuous  spectrum  without 
any  trace  of  dark  lines.  The  light  of  this  faint  spectrum,  tested  by 
a  tourmaline  held  in  the  hand  next  the  eye,  was  strongly  polarized 
in  a  plane  passing  through  the  sun's  centre.  As  the  direction  of 
the  spectroscope  slit  was  nearly  radial,  it  is  not  impossible  that 
Prof,  Pickering  may  be  right  in  explaining  this  polarization  as 
caused  by  the  successive  refractions  through  the  prisms. 

[The  two  preceding  communications  from  Dr.  Gould  and  Prof. 
Young,  sent  to  us  independently,  show  a  remarkable  coincidence  in 
their  results  which  cannot  but  point  to  an  important  fact.  To  put 
this  into  a  few  words  it  would  seem  likely  that  Prof.  Young  has 
observed  the  spectrum  of  that  diffused  chromospheric  matter  of 
which  Dr.  Gould  has  found  the  photographic  record  on  the  pictures 
made  by  the  Philadelphia  expedition.  If  reference  is  had  to  Plate 
II.  facing  p.  265,  in  Prof.  Mayer's  Report,  in  this  number.  Dr. 
Gould's  description  of  the  location  of  the  glow  on  the  photographs 
can  be  readily  followed. — Ed.] 

Prof.  Young's  Determination  of  First  Contact.— In  our 
notice  of  this  subject  in  our  last  issue,  page  149,  we  omitted  to 
notice  that  Prof.  Young  finds  that  the  presence  of  a  prominence  at 
the  point  of  first  contact,  though  facilitating  the  process,  is  not 
essential  to  his  method,  since  the  spectrum  of  the  chromosphere  is 
quite  enough  for  the  same  purpose. 

In  quoting  from  his  letter  on  page  213,  we  also  may  have  given 
too  strong  an  impressiveness  to  his  suggestion  that  the  corona  lines 
were  identical  with  those  of  iron.  His  intention  was  to  notice 
their  apparent  approximation  merely. 

The  Corona  and  its  Photographs. — It  is  a  very  fortunate 
thing  that  the  numerous  parties  by  whom  photographs  were  made 
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of  the  late  eclipse,  in  hardly  any  two  instances  followed  the  same 
plan  of  arrangement  or  aimed  at  the  same  class  of  results.  Thus, 
while  the  Philadelphia  Expedition, 
in  pursuance  of  Prof  Coffin^s  sug- 
gestions, made  their  preparations 
with  the  view  of  obtaining  such 
"  accurate  and  well-defined  pictures 
as  might  be  the  basis  of  astronomi- 
cal calculations."  In  this  they 
have  unquestionably  succeeded  be- 
yond all  others,  as  we  hear  from 
all  sides,  now  that  pictures  have 
been    distributed    and    compared. 

Their  views  of  lunar  mountains,  sun-spots,  faculae,  chromosphere, 
and  crepuscule  being  unapproached,  and  their  views  of  the  solar 
prominences  only  rivalled  by  one  obtained  by  Dr.  Curtis. 

The  party  under  Prof  Pierce,  consisting,  photographically,  of 
Mr.  Whipple,  of  Boston,  (who,  with  Mr.  Black  and  the  late  Prof 
Bond,  of  Cambridge,  made,  in  1850,  the  first  celestial  photograph,) 
addressed  themselves  exclusively  to  the  recording  of  that  strange 
phenomenon,  the  corona.  To  secure  any  impression  from  this 
object,  which,  notwithstanding  its  apparent  brightness  is  remark- 
ably deficient  in  photographic  power,  it  was  necessary  to  make  a 
very  small  image,  and  to  give  a  very  long  exposure. 

The  telescope  was  therefore  arranged  to  produce  an  image  in  its 
principal  focus  simply,  and  during  the  totality  an  exposure  of  40 
seconds  was  given.  By  this  means  a  picture  was  obtained  of  which 
the  accompanying  cut  is  a  very  careful  copy.  From  the  long  ex- 
posure and  motion  of  the  moon,  as  also,  probably,  of  the  light  in 
the  corona,  there  is  little  sharpness  of  definition,  and  the  promi- 
nences only  appear  as  bright  spots.  The  general  shape  of  the 
corona  is,  however,  very  well  given,  and  the  curious  appearance  of 
curvature,  in  some  parts,  is  very  manifest.  This  and  other  pic- 
tures— if  others  than  the  one  we  have  seen  were  made — may  throw 
some  light  upon  this  extraordinary  object. 

Moon  Pictures. — There  are  few  objects  which  are  more  diffi- 
cult to  portray,  with  accuracy,  than  the  surface  of  our  satellite. 
The  combination  of  shadows,  with  tints  produced  by  difference  of 
material,  the  absence  of  strongly  marked  and  conspicuous  features 
to  serve  as  starting-points  for  measurement,  and  the  extreme  minute- 
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ness  and  delicacy  of  markings  and  tint  graduations,  have  combined 
to  defy  the  skill  of  the  artist  and  the  engraver.  This  is  especially 
evident  since  the  successful  application  of  photography  has  fur- 
nished us  with  such  admirable  standards  for  comparison. 

In  the  Quarterly  Journal  of  Science  for  July,  1864,  appeared  an 
admirable  lithograph  of  a  small  region  to  the  S.  E.  of  Tycho,  which 
left  all  previous  attempts  far  in  the  rear,  and,  indeed,  for  the  very 
limited  area  concerned,  left  also  little  to  be  desired.  This  was 
copied  in  an  excellent  wood-cut  in  the  beautifully  illustrated  work 
of  Guillemin,  La  Ciel,  and  also  as  a  mezzotint,  in  a  small  volume 
by  the  same  author,  entitled  La  Lune ;  but  the  large  picture  of  the 
full  moon,  given  in  the  same  volume,  is  a  mere  caricature  of  the 
lunar  countenance.  Two  much  better  pictures  have  appeared  in 
one  of  the  latest  numbers  of  Louis  Figuier's  Merveillea  de  la  Science. 
A  curious  etched  daguerreotype  by  De  la  Rue  was  published  some 
years  ago  in  the  Monthly  Notices  of  the  Royal  Astronomical  Society. 
This  picture  is  curious  as  an  etched  daguerreotype,  but  of  little 
value  as  a  likeness  of  the  moon,  giving  only  a  few  prominent  points 
with  distinctness.  In  Yol.  LVI.,  p.  136  of  this  Journal^  we  published 
a  large  lithograph  which,  by  insertion  of  names  and  numbers,  was 
made. into  a  map,  and  this  was  acknowledged,  by  the  most  compe- 
tent judges,  to  be  the  best  moon  picture  produced  up  to  that  time. 

We  now,  however,  give  our  readers  an  engraving  that,  for  artistic 
beauty  and  delicate  finish,  excells  even  this,  though  on  account  of 
its  smaller  size,  and  the  nature  of  the  full  phase,  it  is  not  available 
as  a  map,  or  useful  for  topographical  study,  as  was  the  other. 

This  picture  was  engraved  by  Messrs.  Van  Ingen  &  Snyder, 
under  our  inspection,  from  one  of  Mr.  Rutherfurd's  photographs 
for  Prof.  S.  H.  Peabody,  to  illustrate  his  work  entitled  The  Elements 
of  Astronomy ^  now  in  course  of  publication.  This  is,  beyond  doubt, 
the  best  engraving  of  its  kind  ever  published,  and  reflects  great 
credit  on  the  artists  who  have  produced  it.  If  the  other  illustra- 
tions in  Prof.  Peabody's  book  equal  this  one,  it  will  be  without  a 
rival  in  this  respect,  either  in  this  country  or  in  Europe. 

Very  extensive  atlases.of  the  moon  are  announced  as  partly  pub- 
lished by  the  British  Astronomical  Association,  but  these  we  have 
been  unable  to  find,  and  the  descriptions  which  we  have  seen  indi- 
cate that  they  are  mere  charts  and  not  pi^ctures. 
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Engraved  by  Messrs,  Van  Ingen  4'  Snyder  from  a  Photograph  by  Mr.  L.  M.  RtUherfwrd. 
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THE  USE  OF  CORNISH  ENGINES  FOR  THE  WATER  SUPPLY 

OF  CITIES. 

Mr.  Editor  : — Th^  Cornisli  Engine,  when  well  regulated  and  in 
full  operation,  presents  a  most  imposing  exhibition  of  the  power  of 
steam,  and  of  its  control  by  human  ingenuity.  Especially  is  this 
the  case  when  its  work  is  the  elevation  of  water  for  the  supply  of 
cities  and  towns,  because  the  entire  mechanism  is  visible  at  the 
same  time,  the  pump  being  situated  within  the  engine  house.  The 
observer  sees  the  ponderous  plunger  tossed  upwards,  at  first  with 
great  velocity,  gradually  coming  to  rest  at  the  topmost  point  of  its 
stroke,  then  descending  quietly  to  the  lowest  point,  always  arrested 
at  the  same  positions,  within  a  short  distance  of  the  buflfers,  appa- 
rently without  any  adequate  agency. 

Several  requisites  are,  however,  combined  to  produce  this  result; 
a  failure  in  either  of  which  will  impair  the  efficiency  of  the  machine, 
and  may,  without  warning,  produce  disaster.  These  conditions  are, 
uniformity  in  the  steam  and  vacuum  pressures,  constant  frictional 
resistances  in  the  machine  itself,  and  a  steady  pump  resistance. 

The  two  first  named  are  generally  attainable  with  proper  valve - 
gearing  and  proper  care.  The  latter  condition,  in  mining  engines, 
is  comparatively  easy  of  attainment,  because  the  work  is  distributed 
over  a  series  of  lifts,  and  if  accident  occurs  in  any  one  lift  by  the 
holding  up  or  breakage  of  a  valve,  or  otherwise,  a  fraction  of  the 
resistan<fe  only  is  removed.  But  when  this  engine  is  used  to  drive 
one  pump  only,  as  is  customary  in  water  works,  such  an  accident 
may  remove  all  pump  resistance,  and  serious  injury  is  likely  to 
result. 

To  avoid  this  would,  I  think,  be  easy  (and  without  great  compli- 
cation,)by  the  introduction  of  additional  inlet  and  outlet  valves,  to 
be  made  of  or  faced  with  rubber,  which  valves  should  be  placed 
respectively  below  the  main  inlet  and  above  the  main  outlet  valves 
of  the  pump.  These  supplementary  valves  should  be  of  larger  area 
of  passage  than  the  main  valves,  and  so  long  as  the  latter  were  in 
action  would  be  subjected  to  no  strain,  while  they  would  operate 
noiselessly,  and  without  creating  much  additional  friction.     They 
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would,  therefore,  wear  very  little,  and  in  case  of  accident  to  the 
main  valves,  would  prevent  the  reflux  of  the  column  of  water,  and 
would,  consequently,  maintain  the  constant  pump  resistance  through 
the  stroke.  During  the  next  stroke,  in  case  the  difficulty  had  occurred 
from  chips  or  dirt,  these  obstructions  to  closing  would  be  washed 
out. 

In  some  of  the  English  water  works  engines,  the  same  end  has 
been  sought  by  the  use  of  seats  carrying  sevetal  disc  or  ball- valves, 
one  or  more  of  which  may  hold  up  without  producing  accident. 
Some  engineers,  however,  prefer  metal  valves  of  two,  three,  or  four 
"beats,"  and  in  such  cases  the  expedient  alluded  to  would  be  appli- 
cable, and  would  operate  with  greater  certainty.  In  one  case  in 
this  country,  (Buffalo,  N.  Y.,)  the  supplementary  outlet  was  em- 
ployed for  another  purpose,  and  with  good  effect.  But  it  is  appa- 
rent that  accident  is  more  likely  to  occur  to  the  inlet- valve,  and, 
when  it  occurs,  to  break  down  the  engine. 

By  the  expedient  referred  to,  the  only  serious  objection  to  the 
use  of  the  Cornish  Engine  for  the  purpose  named  is  removed;  and 
as  its  expense  would  be  comparatively  small,  the  investment  would 
be  good,  as  absolutely  preventing  that  class  of  accidents  which  are 
most  common  and  troublesome. 

It  is  indisputable  (on  any  substantial  grounds)  that,  in  point  of 
economy  of  fuel,  the  Cornish  Engine  for  pumping  water,  when  pro* 
perly  made,  is  preeminent.  It  alone  combines  the  two  esentials  for 
such  economy,  viz :  A  sufficient  mass  of  moving  material  to  enable 
steam  to  be  used  at  high  grades  of  expansion,  and  a  velocity  of 
movement  in  the  water  column,  dependent  solely  upon  the  inertia 
of  that  column.  The  best  effect  from  expanding  steam  cannot  be 
obtained  without  the  mass  of  material  in  which  to  store  the*surplud 
power  at  first  and  give  it  up  at  subsequent  stages  of  its  movement 
after  the  steam  is  shut  off.  The  best  result  upon  the  water  cannot 
be  obtained,  unless  this  mass  of  material,  when  pumping,  can 
accommodate  its  velocity  to  that  of  the  water  column  urged 
by  it. 

The  various  forms  of  "duplex"  or  "twin"  engines,  where  the 
stroke  of  one  piston  is  limited  and  reversed  by  the  other  piston  then 
moving  at  its  highest  speed,  are  deficient  in  the  first  requisite 
named ;  and  although  this  defect  may  be  partially  overcome  by 
using  combined  cylinders,  it  cannot  be  entirely  removed,  except  at 
great  expense.     This  class  of  machines,  however,  being  double* 
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acting,  are  deficient,  to  an  important  extent,  in  the  second  requisite 
I  have  named,  viz :  in  accommodating  tbeir  movement  to  the  nor- 
mal velocity  of  the  water  column. 

There  are  forms  of  crank  engines,  in  which,  by  the  use  of  fly- 
wheels, a  proper  momentum  may  be  obtained  to  absorb  and  give 
out  the  surplus  steam  pressure ;  but  this  class  of  machines  are  all 
deficient  in  their  accommodation  of  speed  to  that  of  the  water 
column. 

It  is  evident,  from  these  considerations,  that  the  "  Cornish  "  is, 
theoretically,  the  best  pumping  engine.  Practically,  it  is  also 
the  best,  if  properly  made,  and  with  efficient  safeguards  against 
accident. 

It  is  easy  of  management,  liable  to  the  least  possible  amount  of 

wear,  and  is  at  least  not  more  expensive  in  first  cost  than  other  forms. 

And,  with  the  safeguards  pointed  out  in  this  article,  added  to  others 

which  have  been  suggested  by  experience,  it  would  be  more  free 

from  liability  to  derangement. 

J.  Vaughan  Merrick. 

Philadelphia,  Sept.  8th,  1869. 


WATER  POWER  ON  DAMS  BUILT  TO  IMPROVE  RIVERS  FOR  CANAL 

FEEDERS,  dtc,  WHERE  A  UNIFORM  DEPTH  OF 

WATER  IS  REQUIRED. 

Mr.  Editor: — The  use  of  water  power  on  the  State  dams,  in  the 
State  of  New  York,  built  for  the  purposes  of  navigation,  was  for- 
merly leased  to  the  highest  bidder,  subject  to  the  control  of  the 
Saperintendent  of  Canals.  The  lessee  was  allowed  to  cut  into  the 
dam  for  a  flume,  from  which  the  water  could  be  used  on  all  the 
various  wheels  in  use.  But  it  was  soon  found  impossible  to  control 
water  enough,  in  a  dry  time,  for  the  purposes  of  navigation.  The 
leakage  of  gates,  bulkheads  and  flumes,  and  the  clandestine  use  of 
the  water,  after  the  Superintendent  had  forbidden  it,  as  provided  by 
the  lease,  was  so  great  that  it  was  impossible  to  keep  a  uniform 
depth  of  water  in  the  canals.  Therefore,  the  Legislature  abolished 
the  leasing  of  water  power  on  any  of  the  State  dams,  which  deprives 
the  State,  as  well  as  the  people,  of  more  than  half  the  usefulness  of 
such  dams,  as  water  power  is  nowhere  so  useful  as  when  situated 
on  navigable  waters,  which  aflbrd  the  best  facilities  for  transporting 
the  raw  materials  required  by  the  machinery  as  well  as  the  produce 
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from  them,  adding  largely  to  the  tolls  on  and  usefulness  of  tte 
navigation. 

Such  is  the  necessity  of  the  following  plan  for  using  the  water 
without  cutting  into  the  dam  at  all,  avoiding  the  possibility  of 
drawing  down  the  water  below  the  top,  using  only  the  water  as  it 
falls  over  the  dam,  and  would  otherwise  go  to  waste.  This  plan 
has  no  flume,  bulkhead  or  gates.  The  navigation  is  first  supplied, 
the  waste  is  then  utilized  by  machinery,  which  usually  amounts  to 
much  more  than  is  used  for  navigation. 

Fig.  1  represents  the  water  in  use.  Fig.  2  represents  the  water 
shut  off  from  the  wheel  and  passing  off  over  the  apron,  with  the 

same  freedom  as  when  in 
use.     All  of  the  machin- 
ery, both  for  working  the 
apron  or  gate,  and  the 
mill,  is  situated  under  the 
apron.   The  upright  shaft, 
which  conveys  the  power 
to  the  mill,  stands  below 
the  abutment  of  the  dam 
out  of  the  water  passage, 
and  connects,  by  bevel 
cog-wheels,  with  the  ex- 
tended water-wheel  shaft. 
There  is  not  the  slightest 
obstruction  to  the  passage  of  the  water,  whether  in  use  or  not;  nor 
can  the  surface  be  drawn  down  any  lower  than  it  would  be  if  no 
mill  was  there,  thus  doing  away  with  every  possible  objection  to 
the  use  of  a  large  amount  of  waste  water  power,  situated  where  it 
is  most  wanted  for  the  benefit  of  the  canals  as  well  aa  the  people. 

This  method,  in  other  cases,  wherever  there  is  no  object  in  pre- 
venting the  water,  when  not  in  use,  from  passing  off,  will  be  found 
very  economical  and  efficient  in  the  use  of  water  power  for  many 
purposes,  as  it  Idoes  away  with  all  .expense  of  flumes,  bulkheads, 
spouts,  &c. 

T        1.  ,1    KT  ^   -  .  o  I^-  S.  Howard,  C.  E. 

Lyons  Falls,  N.  Y.,  7th  Sept.,  18G0. 


Fig.  2. 
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ON  THE  CONSTRUCTION  OF  DAMS  AND  THE  IMPORTANCE  OF 
THEIR  PERMANENCE. 

By  D.  S.  Howakd,  C.  E. 

There  are  few  persons  engaged  in  the  building  of  dams  who 
realize  the  importance  of  making  them  permanent,  particularly  at 
or  near  the  head  waters  of  streams.  The  cost  of  such  dams  is  but 
a  trifle,  compared  to  the  consequences  of  their  failure,  in  times  of 
unusual  floods,  the  only  time  when  what  is  called  a  well  built  dam 
will  fail.  Therefore  the  better  a  dam  is  built,  if  the  work  be  not 
planned  and  executed  so  as  to  be  permanent  under  all  circumstances, 
the  greater  the  curse  it  is  to  the  community  below,  all  the  way  to 
the  mouth  of  the  stream. 

There  can  be  no  excuse  for  the  failure  of  a  dam,  unless  we  give 
up  the  superiority  of  the  human  intellect  over  inanimate  matter. 
An  engineer  who  does  not  understand  the  laws  that  govern  the 
action  of  vater,  or  has  not  conscience  enough  to  create  a  care  for 
his  fellow-creatures,  sufficient  to  build  a  permanent  dam,  should 
not  be  allowed  to  erect  any  structure  of  the  kind  on  any  stream, 
situated  above  any  other  property,  liable  to  damage  by  the  failure 
of  such  structure. 

Most  of  the  immense  damage  done  by  the  recent  freshets  through* 
out  the  Northern  States,  has  been  due  to  the  failure  of  dams  at  or 
near  the  heads  of  streams.  The  one  at  the  outlet  of  North  Lake, 
near  the  head  waters  of  Black  Eiver,  built  by  the  State  of  New 
York  for  a  reservoir,  to  supply  the  Black  Eiver  Oanal  and  Erie 
Canal  Feeder,  was  one  of  this  description; 

The  dam  was  30  feet  high,  built  across  the  outlet  of  a  small  lake 
of  about  450  acres  surface,  and  was  constructed  wholly  of  earth, 
except  a  longitudinal  course  of  sheet  piling  perpendicularly  through 
the  centre,  with  a  course  of  concrete  on  the  upper  ^ide  of  the  sheet 
piling,  and  a  spilling  way  of  wood,  in  the  shape  of  a  shoot,  forty 
feet  wide  and  seven  and  a  half  feet  deep,  on  the  lower  side  of  the 
dam ;  four  feet  of  the  seven  and  a  half  had  been  permanently  planked 
up,  since  the  completion  of  the  dam,  which  is  said  by  Mr.  Whittle* 
sey,  the  builder,  to  be  the  cause  of  the  failure. 
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The  next  dam  below  was  built  by  the  State  across  the  Black 
River,  to  turn  the  water  into  the  canal  feeder.  The  spilling  way 
to  this  dam  was  about  twelve  feet  high,  and  one  hundred  feet  long, 
with  an  upper  slope  of  two  to  one,  on  a  rock  foundation,  between 
two  short,  square  stone  abutments,  with  earth-works  each  way  to 
high  land. 

The  first  of  these  dams  was  destroyed  altogether  by  the  recent 
freshet.  The  second  was  left  entirely  bare  of  earth-work  on  one 
side,  leaving  nothing  but  the  stone  and  wood-work,  which  stood 
perfectly  erect  in  the  middle  of  the  torrent,  which  shows  conclu- 
sively, that  if  the  whole  had  been  as  well  planned,  there  would  have 
been  no  failure. 

Notwithstanding  the  immense  flood  thus  created,  there  were 
numerous  dams  on  the  same  stream  below,  that  sustained  little  or 
no  damage.  But  not  so  with  other  structures  necessarily  situated 
near  them,  such  as  grist-mills,  saw-mills,  tanneries  and  other  works 
dependent  on  them,  for  the  power  created  for  their  purposes,  to- 
gether with  bridges  and  dwellings,  barns  and  outhouses,  heretofore 
considered  out  of  reach  of  any  possible  flood.  It  is  estimated  that 
more  than  a  million  of  dollars  worth  of  such  property  has  been 
swept  from  their  foundations  on  this  river,  besides  the  loss  of  lives 
and  the  distraction  of  business,  which  cannot  well  be  estimated  in 
money  value. 

The  Legislature  of  the  State  of  New  York  being  in  session, 
promptly  ordered  an  estimate  of  all  the  damages  done  by  the  recent 
freshet  on  the  Black  River,  with  a  view  of  remunerating  the  indi- 
vidual pecuniary  losses,  so  far  as  they  can  be  estimated,  by  which 
it  becomes  a  direct  national  calamity,  so  far  as  the  remuneration 
goes,  but  no  person  will  say,  that  all  the  indirect  damages  will  ever 
be  paid  by  the  State,  therefore  whatever  the  State  does  pay,  would 
have  been  better  invested,  if  it  had  all  been  paid  to  an  engineer 
capable  and  careful  enough  to  have  planned  and  executed  the  above 
works,  in  accordance  with  the  simple  laws  which  govern  the  action 
of  water,  thereby  saving  a  large  amount  to  individuals,  (as  well  as 
some  human  life,)  which  is  no  less  a  loss  to  the  state,  for  whatever 
is  a  loss  to  an  individual  in  the  State,  and  a  gain  to  no  other  simi- 
lar individual,  is  as  much  a  State  loss,  as  it  would  have  been  if  the 
individual  had  been  remunerated  by  the  State. 

One  of  the  most  apparent  causes  of  the  failure  of  earth- works  at 
the  ends  of  dams,  is  the  short  angular  form,  usually  adopted,  of  the 
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the  lower  side  of  the  abutments,  which  causes  a  strong  eddy  below, 
calculated  to  undermine  the  bank  adjoining,  which  is  soon  so  much 
weakened  as  to  be  carried  away  by  the  pressure  of  water  above. 
This  observation  was  observed  at  the  height  of  the  recent  freshet, 
to  be  going  on  at  the  north  end  of  the  State  dam  at  Lyons  Falls, 
and,  although  the  abutment  was  built  into  the  natural  bank,  it  was 
so  far  affected  by  the  eddy,  caused  by  the  form  of  the  abutment, 
that  the  bank  began  to  cave,  and  cracks  high  up  on  the  bank  indi- 
cated that  if  the  freshet  had  continued  at  its  heighth  a  few  days 
longer,  the  whole  river  would  have  passed  around  the  north  abut- 
ment of  the  dam ;  adding  still  another  swell,  to  the  disastrous  effects 
of  ignorance  and  carelessness,  already  created. 

Another  frequent  cause  of  failure  in  earth- works  of  dams,  dykes 
and  canal  banks  is  an  improper  disposition  of  the  material  of  which 
they  are  constructed.  If  the  finer  material  be  placed  in  the  lower 
side  of  the  embankment,  it  will  prevent  the  leakage  from  passing 
off,  and  cause  the  whole  embankment  to  become  saturated,  render- 
ing it  very  liable  to  float  away.  Whereas  if  the  fine  material  be 
placed  in  the  upper  side  of  the  embankment,  the  coarser,  with  its 
greater  weight,  stands  with  greater  firmness  as  a  support  to  that 
which  stops  the  water,  and  by  more  readily  letting  off  the  water 
that  may  permeate  the  finer  material,  leaves  more  weight  in  the 
embankment  to  resist  the  pressure  of  water*  Too  much  care  can- 
not be  taken  in  selecting  the  finest  impervious  material,  for  the 
upper  side  surface  of  an  embankment  for  stopping  water.  This 
done,  the  remainder  of  the  material  should  be  gradually  coarser 
towards  the  lower  side,  which,  if  convenient,  should  be  a  course  of 
stone.  A  dyke  or  embankment,  properly  built  on  this  principle, 
with  six  feet  top  surface,  with  slopes  of  one  and  a  half  to  one,  may 
be  extended  to  any  heighth,  and  sustain  a  pressure  of  water  within 
one  foot  of  the  upper  surface,  with  perfect  safety. 

But  if  the  material  be  so  disposed  as  to  permit  the  water  to  satu- 
rate the  embankment  without  passing  off,  the  weight  of  the  em- 
bankment will  be  diminished,  to  the  extent  of.  the  weight  of  water 
contained  in  it. 

The  spilling  way  to  damsj  if  on  a  rock  foundation,  may  be  con- 
structed perpendicular  on  the  lower  side,  with  a  water-tight  npper 
slope  of  two  to  one,  and  be  perfectly  safe  without  bolting  to  the 
rock,  whether  it  be  built  of  stone  or  wood,  if  the  lower  side  be  open 
to  offer  a  free  passage  for  the  water  that  may  pass  through  the 
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upper  slope.  But  if  on  a  foundation  of  loose  stone  or  gravel,  which 
is  sometimes  unavoidable,  there  must  also  be  a  water-tight  slope  on 
the  lower  side  of  about  one  to  one,  down  to  a  horizontal  water-tight 
apron,  about  eight  feet  wide,  sunk  below  the  bed  of  the  stream.  If 
the  apron  be  above  the  bed  of  the  stream,  it  will  be  liable  to  be 
undermined  by  a  verticle  eddy,  formed  by  the  horizontal  force  of 
the  water  leaving  the  apron,  acting  on  the  dead  water  immediately 
below  the  surface,  on  the  lower  side  of  the  apron. 

On  some  foundations  where  the  water  is  to  be  raised  very  high, 
it  will  be  necessary  to  dig  a  puddle  ditch  at  the  foot  of  the  upper 
slope,  six  feet  wide,  and  as  deep  as  the  nature  of  the  material  re> 
quires,  in  which  sheet  piling  should  be  driven  as  deep  as  possible, 
and  the  upper  ends  well  fastened  to  the  bed  timbers  of  the  upper 
slope.  Then  fill  the  ditch  above  the  sheet  piling  with  clay  and 
gravel  about  half  and  half,  well  puddled  in,  to  about  four  feet  in 
heighth  above  the  foot  of  the  slope,  and  extending  up  on  the  slope 
one-third  of  the  way  to  the  top,  where  a  timber  one  foot  square, 
should  be  bolted,  from  one  abutment  to  the  other,  to  prevent  the 
current,  in  great  freshets,  from  carrying  the  gravel  over  the  dam. 

It  is  impossible  to  reduce  the  building  of  dams  to  perfect  science, 
but  the  laws  which  govern  the  action  of  a  perfect  fluid,  are  known 
to  be  in  accordance  with  exact  science,  and  must  be  understood  by 
the  constructor  of  dams  to  ensure  success,  as  water  is  so  near  a 
perfect  fluid,  their  strict  observance  will  in  all  cases  be  required 
for  its  control. 

The  hydraulic  engineer  must  not  only  know  the  weight  of  water, 
the  static  pressure  and  dynamic  force,  but  the  effects  of  various 
forms  of  resistance  with  which  it  may  meet.  He  must  also  under- 
stand the  laws  relating  to  the  conditions  of  the  various  materials 
upon  which  dams  are  to  be  built,  the  simplest  of  which  is  solid 
rock,  hard  pan,  &c.  Most  other  materials  partake,  in  some  degree, 
of  the  nature  of  fluids,  according  to  the  degree  of  friction  between 
the  particles,  or  the  power  required  to  put  them  in  motion. 

The  pressure  of  water  being  equal  in  every  direction,  according 
to  the  weight  and  perpendicular  heighth,  loose  materials  in  foun- 
dations of  very  high  dams,  if  allowed  to  become  saturated,  will  as- 
sume the  character  of  a  fluid  sufficiently  to  be  pressed  out  from 
under  the  superstructure,  by  the  weight  of  water  above,  causing 
an  upward  pressure  below.  Hence  the  necessity  of  sheet  piling 
and  concrete  or  puddling  above,  to  cut  off  all  communication  as 
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much  as  possible,  between  the  water  in  the  pond  above  and  the 
material  beneath  the  dam,  or  to  such  an  extent  as  to  prevent  the 
water  from  entering  the  foundation,  faster  than  it  can  pass  off,  with- 
out moving  the  material  with  it. 

The  great  importance  of  permanence  in  dams  is  only  realized  by 
those  interested  in  water  power,  whose  works  must  necessarily  be 
as  near  the  water  as  the  highest  natural  freshets  will  permit.  It  is 
possible  to  convey  water  power  to  situations  where  it  may  be  used 
in  perfect  safety  from  any  flood,  by  various  mechanical  contrivances ; 
but  not  without  a  sacrifice  of  power,  and  expense  of  construction 
and  repairs,  which  would  far  exceed  the  extra  expense  of  building 
permanent  dams,  on  any  important  stream. 

While  we  have  laws  against  nuisances,  and  many  comparatively 
useless  laws,  it  would  seem  expedient  to  have,  in  addition  to  the 
laws  against  flowing  land  above  dams,  to  have  some  against  flood- 
ing lands  and  other  property  below.  In  answer  to  this  it  may  be 
said  that  common  law  is  sufficient  to  collect  damages  in  case  of  care- 
lessness of  all  kinds;  but  a  man  may  be  able  to  build  a  worthless 
dam,  and  jeopardize  a  large  amount  of  property  below  without 
being  able  to  pay  any  part  of  the  damage  that  may  be  done  by  the 
destruction  of  his  own.  Therefore  it  would  seem  to  be  a  salutary 
precaution,  if  he  could  have  been  obliged  to  give  bail  for  the  dam- 
ages that  might  be  done  by  a  failure  of  his  dam.  Truly  the  world 
is  governed  too  much,  but  evidently  not  too  wisely. 
Lyons  FalU,  August,  1869. 


BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 
(Continued  from  page  163.) 
Wilson's  Patent  Belt  Hooks. 
Wk  are  indebted  to  Crane  Bros.,  Westfield,  Mass.,  for  description 
and  illustration  of  the  above,  which  we  present  herewith. 

No.  1. — The  teeth  go  through  the  belt  and  clinch.  To  be  used 
only  on  belts  running  at  very  high  speed  over  small  puUies,  and  in 
making  up  belts,  instead  of  lapping,  glueing  and  pegging. 

iVb.  2 — Is  the  only  belt  hook  in  the  market  that  can  be  used 
repeatedly  and  successfully  more  than  once.  A  hammer  is  all  that 
is  required  to  secure  them  to  belts.     Lay  the  hook  down  on  some- 
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thing  solid,  with  the  teeth  up,  and  drive  the  belt  down  tight  to  the 
plate.  None  of  the  belt  is  cut  away  by  punching  holes.  The 
strain  comes  in  fifteen  places  instead  of  three^  as  with  lacings.  Belts 
can  be  mended  in  one-quarter  the  time  required  for  any  other  hook 
or  lacing.  They  will  last  longer  than  a  dozen  lacings.  They  are 
the  only  good  fastening  for  rubber  or  paper  belts. 


Wilsoirs  Patent  Belt  Uookt,  Tecomber  15, 1809. 

These  books  have  been  thoroughly  tried  for  three  years,  in  all 
places,  in  machine  shops,  cotton,  woolen  and  paper  mills,  and  all 
who  use  tbem  admit  that  they  are  the  best  and  cheapest  fastening  in 
use,  taking  into  account  the  durability  of  the  hooks,  wear  and  tear^ 
and  time  in  mending  belts. 

The  Messrs.  Hoyt  Bros.,  of  New  York,  present  a  patent  belt  fas- 
tening in  the  form  of  a  double  shanked  rivet  with  a  link  or  elon- 
gated washer  having  a  perforation  at  each  end  for  receiving  the  end 
of  each  rivet. 

These  rivets  are  used  for  making  butt  as  well  as  lap  joints  in 
belts ;  in  either  case  the  belt  is  punched  as  for  lacing,  with  holes 
equidistant  from  the  joint.  The  perforation,  of  course,  being  of 
such  size  and  distance  asunder  as  to  just  allow  the  double  rivet  to 
pass  tightly  in  when  the  whole  is  secured  by  laying  on  the  link 
washer  and  hammering  the  ends  of  the  rivets  into  the  countersunk 
holes  of  the  latter,  care  being  taken  to  embed  both  head  and  washer 
in  the  substance  of  the  belt,  flush  with  the  surfaces,  in  order  that 
they  may  not  wear  by  contact  with  pulleys. 

They  also  have  the  exclusive  right  to  use  a  patent  "  Eivet  and 
Burr."  This  improvement  consists  of  a  conically  formed  head  to 
the  rivet,  whicb  gives  greater  strength  of  attachment  thereto.    The 
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Burr  has  a  form  similar  to  that  of  the  head,  and  has  in  addition  a 
central  hole  countersunk  on  top  for  receiving  the  spread  of  metal 
of  rivet  end  when  hammered  into  it.  This  is  the  best  form  of  rivet 
that  can  be  made,  as  it  gives  the  greatest  strength  and  durability  to 
all  the  parts,  and  is  easily  sunk  into  the  substance  of  the  belt  to  a 
level  with  its  surface. 

They  recommend  for  round  belts  a  grooved  pulley  in  which  the 
section  of  groove  shall  be  neither  triangular  nor  semicircular,  but 
rather  that  of  a  spherical  triangle  or  gothic  arch. 

This  form  undoubtedly  gives  greater  belt  contact  than  any  other 
with  a  given  amount  of  tension  on  belt. 

They  also  urge  the  importance  of  covering  pulleys  with  leather, 
"  fifty  per  cent,  more  work  can  be  done  by  machines  without  belts 
slipping  if  so  covered."  **  The  covering  of  pulleys  with  leather,  in 
many  establishments  where  there  is  a  deficiency  of  power,  would 
produce  such  an  improvement  as  to  astonish  those  not  acquainted 
with  its  value." 

"  Large  pulleys  and  drums  may  be  covered  by  narrow  strips  of 
leather,  wound  around  spirally,  but  narrow  pulleys  should  be  cov- 
ered by  leather  of  same  width  as  pulley  face." 

"  One  pulley  covering  is  cut  into  strips  of  required  width  cemented 
and  made  of  even  thickness,  by  a  machine,  then  wound  in  coils 
like  belting." 

JSTrrate.— On  page  107,  8th  lino,  888-88  should  be  88-888. 

On  pages  108  and  109  tho  paragraph  commencing  : — **  Where  pulleys,*'  &c.,  and 
<*The  Intermediate  pulley,''  &c.,  should  be  credited  to  Engineering  for  Jan.  22d,  1869. 

On  page  109  the  paragraph  commencing  *<A  leather  belt,"  &c.,  should  be  ere- 
dited  to  Jas.  B  Francis,  C.  E.,  in  Frank,  Inst  Jour,  for  May  18G6,  page  843, 

(To  be  continued.) 


THE  HYDRAULIC  SWING  BRIDGE  OVER  THE  OUSE. 

Br  Sir  William  Armstrong. 

The  formation  of  the  Hull  and  Doncaster  section  of  the  North- 
eastern Eailway  necessitated  the  crossing  of  the  Eiver  Ouse  by  an 
opening  bridge,  so  as  to  admit  the  passage  of  the  important  trafl&c 
carried  on  in  large  sailing-vessels.  It  was  also  necessary  that  there 
should  be  not  more  than  one  pier  in  the  navigable  channel,  with  a 
clear  opening  of  not  less  than  100  feet  on  each  side.  The  requisites 
of  the  railway  and  river  traffic  necessitated  a  construction  that  ad- 
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mitted  of  being  opened  and  closed  very  rapidly.  It  was  also  neces- 
sary that  the  power  applied  should  be  capable  of  controlling  with 
great  accuracy  the  momentum  of  so  ponderous  a  mass,  and  hydrau- 
lic power,  being  so  eminently  qualified  for  this  purpose,  was  there- 
fore selected  as  the  agent.  The  instances  in  which  hydraulic  power 
had  been  previously  applied  to  the  opening  and  closing  of  movable 
bridges  are  very  numerous,  amounting  to  upwards  of  fifty  exam- 
ples. Most  of  these  bridges  have  been  erected  for  the  passage  of 
railway  traffic,  both  on  main  lines  and  branches,  and  they  may  be 
divided  into  three  classes.  1st.  Swing  bridges  on  which  the  bridge 
is  lifted  from  its  solid  bearings  by  a  central  press  previously  to 
being  turned  by  hydraulic  pressure.  2d.  Swing  bridges  on  which 
the  bridge  rests  upon  a  circle  of  two  rollers,  and  is  turned  by  water 
pressure  without  being  lifted.  8d.  Draw  bridges  on  which  the 
movable  platform  is  drawn  back  and  pushed  forward  in  the  line 
of  the  roadway  by  means  of  hydraulic  machinery.  In  addition  to 
the  hydraulic  bridges  comprised  in  these  three  classes,  there  is  one 
example  of  a  bridge  on  the  bascule  plan  being  worked  by  hydrau- 
lic power.  This  is  at  Liverpool,  over  one  of  the  dock  entrances. 
The  first  hydraulic  swing  bridge  was  erected  in  1852,  over  the 
Eiver  Severn,  on  the  Gloucester  and  Dean  Forest  Railway,  and  the 
first  hydraulic  drawbridge  was  erected  in  1853,  over  the  River 
Tovey,  on  the  South  Wales  Railway,  near  Carmarthen.  All  the 
swing  bridges  which  turn  on  a  centre  pier,  and  span  an  opening  on 
each  side,  have  been  made  to  turn  on  live  rollers  without  being 
lifted ;  because,  in  bridges  of  that  construction,  neither  extremity 
can  have  any  steadying  support  in  the  act  of  turning,  but  in  some 
instances  a  central  press  has  been  applied  to  relieve  the  rollers  of 
part  of  the  weight.  Where  single-leaf  swing  bridges  are  lifted  by 
a  central  press,  the  deflection  is  taken  off  by  letting  down  the  bridge 
upon  its  solid  bearings  when  closed ;  but  in  the  case  of  drawbridges 
and  swing  bridges  not  lifted  by  a  central  press,  hydraulic  machinery 
is  applied  to  lift  the  overhanging  end  or  ends  so  as  to  take  off  the 
deflection  after  closing.  The  openings  crossed  by  these  various 
forms  of  bridges  have  varied  from  30  to  100  feet  span.  The  heav- 
iest bridge  to  which  the  central  lifting  arrangement  has  been  ap- 
plied is  one  over  the  Regent's  Canal,  near  the  London  Docks,  in 
which  instance  the  weight  lifted  and  turned  amounts  to  450  tons. 
In  bridges  with  the  central  press,  the  head  of  the  lifting  ram  fits  into 
an  inverted  cup  upon  the  bridge  to  allow  of  oscillating  movement, 
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and  the  bridge  in  swinging  turns  upon  the  water  by  carrying  the 
ram  round  with  it.  The  pressure  of  water  employed  in  the  central 
hydraulic  press  is  about  800  pounds  per  square  inch,  and  in  the 
largest  of  these  bridges  the  diameter  of  the  ram  turning  upon  the 
water  is  51  inches.  In  most  cases  the  bridges  are  in  connection 
with  a  system  of  hydraulic  pressure  applied  to  cranes  and  other 
machines  in  the  vicinity,  the  pressure  being  supplied  in  the  usual 
manner  by  steam  engines  pumping  into  accumulators.  But  in  some 
few  instances  where  there  is  not  such  a  supply  of  power  at  hand, 
the  pressure  is  supplied  by  hand  pumps  charging  the  accumulator, 
and  thus  storing  up  the  power  ready  for  application  whenever  re- 
quired. At  the  Ouse  Bridge  there  was  no  supply  of  hydraulic 
power  at  hand,  and  in  that  instance  the  total  power  required  was 
too  large  to  be  supplied  by  hand  labor.  It  was  further  necessary, 
on  account  of  the  position  of  the  swing  bridge,  either  to  convey  the 
power  to  the  centre  pier  by  a  pipe  under  the  bed  of  the  river,  or 
to  produce  it  upon  the  pier  by  placing  a  steam  engine  within  the 
pier  itself,  and  the  latter  plan  was  adopted.  The  total  length  of 
the  bridge  fixed  and  movable,  is  830  feet.  The  fixed  portions  con- 
sist of  five  spans  of  116  feet,  from  centre  to  centre  of  piers.  The 
bridge  being  for  a  double  line  of  railway,  each  span  is  composed 
of  three  wrought  iron  girders  of  the  bow-string  form,  the  centre 
girder  having  a  larger  section  to  adapt  it  for  its  greater  load.  These 
girders  have  single  webs,  and  are  9  feet  deep  in  the  centre.  The 
total  width  of  the  bridge  from  outside  to  outside,  is  31  feet  Each 
of  the  piers  for  the  fixed  spans  consist  of  three  cast  iron  cylinders, 
of  7  feet  diameter,  and  about  90  feet  in  length.  The  depth  from 
the  under  side  of  the  bridge  to  the  bed  of  the  channel,  in  the  deep- 
est part,  is  about  61  feet.  The  headway  beneath  the  bridge  is  14 
feet  6  inches  from  high  water  datum,  and  30  feet  6  inches  from  low 
water.  The  swinging  portion  of  the  bridge  consists  of  three  main 
wrought  iron  girders,  250  feet  length,  and  16  feet  6  inches  deep  at 
the  centre,  diminishing  to  4  feet  deep  at  the  ends.  The  centre  gir- 
der is  of  larger  sectional  area  than  the  side  girders,  and,  instead  of 
being  a  single  web,  is  a  box  girder  2  feet  six  inches  in  width,  with 
web-plates  7-16th  to  5-16th  inches  in  thickness,  and  the  top  and 
bottom  boom  contains  about  182  square  inches  of  section.  The 
roadway  is  carried  upon  transverse  wrought  iron  girders  resting 
upon  the  bottom  flanges  of  the  main  girders.  In  the  centre  of  the 
bridge  the  main  girders  are  stayed  by  three  transverse  wrought 
Vol.  LVIII.— Third  Series.— No.  4.— October,  1869.  31 
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iron  frames  securely  fixing  them  together ;  and  over  the  top  of 
these  frames  a  floor  is  laid,  from  which  the  bridge-man  controls  the 
movements  of  the  bridge.  An  annular  box  girder,  32  feet  mean 
diameter,  is  situated  below  the  centre  of  the  bridge,  and  forms  the 
cap  of  the  centre  pier ;  this  girder  is  3  feet  2  inches  in  depth,  3  feet 
in  width,  and  rests  upon  the  top  of  six  cast  iron  columns — each  7 
feet  diameter — which  are  arranged  in  a  circle,  and  form  the  centre 
pier  of  the  bridge.  Each  of  these  columns  has  a  total  length  of 
90  feet,  being  sunk  about  29  feet  deep  in  the  bed  of  the  river.  A 
centre  column,  7  feet  diameter,  is  securely  braced  to  the  other  col- 
umns by  a  set  of  cast  iron  stays  which  support  the  floor  of  the 
engine  room.  This  centre  column  contains  the  accumulator,  and 
forms  the  centre  pivot  for  the  rotation  of  the  bidge.  The  weight 
of  the  swing  bridge  is  670  tons.  There  is  no  central  lifting  press, 
and  the  entire  weight  rests  upon  a  circle  of  conical  live  rollers. 
These  are  26  in  number — 3  feet  diameter  and  14  inch  width  of  tread 
— and  are  made  of  cast  iron,  hooped  with  steel,  and  they  run  be- 
tween two  circular  roller  paths  32  feet  in  diameter.  These  roller 
paths  are  15  inches,  and  are  made  of  cast  iron,  faced  with  steel ; 
the  axles  of  the  rollers  are  horizontal,  and  the  two  roller  paths  are 
turned  to  the  same  bevel.  The  turning  motion  is  communicated  to 
the  bridge  by  means  of  a  circular  cast  iron  rack  12J  inches  wide 
on  the  face,  and  6J  inches  pitch.  It  is  shrouded  to  the  pitch  line, 
and  is  bolted  to  the  outer  circumference  of  the  upper  roller  path. 
It  gears  with  a  vertical  bevel  wheel,  which  is  carried  by  a  steel 
centre  pin,  supported  on  the  lower  roller  path.  This  is  driven  by 
a  pinion  connected  by  intermediate  gearing  with  the  hydraulic 
engine.  There  are  two  of  these  engines,  duplicates  of  one  another, 
either  of  which  is  sufficient  for  turning  the  bridge.  The  force  re- 
quired to  turn  the  bridge  is  equal  to  about  ten  tons  applied  at  the 
radius  of  the  roller  path.  Each  hydraulic  engine  is  a  three  cylin- 
der oscillating  engine  with  simple  rams  4^  inches  in  diameter  and 
18  inch  stroke.  These  engines  work  at  40  revolutions  per  minute, 
with  a  pressure  of  water  of  700  pounds  per  inch,  and  are  estimated 
at  40  horse  power  each.  The  steam  engines  for  supplying  the 
water  pressure  are  also  in  duplicate,  and  are  double  cylinder  engines, 
driving  three  throw  pumps  2*8  in  diameter  and  5  inch  stroke  which 
deliver  into  the  accumulator.  The  diameter  of  the  steam  cylinders 
is  8  inches,  and  the  stroke  of  the  piston  is  10  inches,  each  engine 
being  12  horse  power.     The  accumulator  consists  of  16^  inch  ram, 
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with  a  17  feet  stroke,  and  is  loaded  with  a  weight  of  67  tons,  the 
weight  being  composed  of  cast  iron  segments  suspended  from  a 
crosshe'ad  and  working  down  in  the  cylindrical  casing  formed  by 
the  centre  cylinder.  For  the  purpose  of  obtaining  a  perfectly  solid 
roadway  when  the  bridge  is  in  position  for  the  passage  of  trains, 
and  also  for  securing  the  perfect  continuity  of  the  line  of  rails,  the 
following  apparatus  is  applied.  Each  extremity  of  the  bridge  is 
lifted  by  a  horizontal  hydraulic  press,  acting  upon  levers  forming 
a  toggle  joint,  the  piers  having  two  rams  acting  in  opposite  direc- 
tions upon  two  toggle  joint  levers,  which  act  one  upon  each  side 
of  the  end  of  the  bridge,  and  they  are  connected  by  a  horizontal  bar, 
which  is  confined  by  a  stud  sliding  in  a  vertical  guide,  so  as  to 
ensure  parallel  action  of  the  two  toggle  joint  levers,  and  producing 
exactly  parallel  lifting  of  the  two  sides  of  the  bridge.  Three  rest- 
ing blocks,  one  under  each  girder,  are  pushed  home  when  the  end 
of  the  bridge  is  lifted,  by  means  of  two  separate  hydraulic  cylinders, 
and  the  bridge  is  then  let  down  upon  the  resting  blocks  by  the  with- 
drawal of  the  toggle  joint  levers,  and  the  bridge  ends  are  then  per- 
fectly safe  for  trains  to  pass  over.  The  hydraulic  cyindcrs  for  this 
fixing  gear  at  the  two  ends  of  the  bridge  are  worked  by  the  bridge- 
man  from  the  centre  platform  by  means  of  two  levers,  and  for  the 
purpose  of  enabling  him  to  regulate  the  stopping  of  the  motion  of 
the  bridge  at  the  right  place  an  indicator  is  provided,  consisting  of 
a  dial  upon  a  pedestal.  This  dial  has  two  pointers,  which  are  actu- 
ated by  the  motion  of  the  bridge.  One  of  these  pointers  makes  two 
revolutions,  and  the  other  42  revolutions  for  one  complete  rotation 
of  the  bridge.  These  pointers  are  similar  to  the  hour  and  minute 
hands  of  a  watch,  the  slower  pointer  being  analagous  to  the  hour 
hand,  and  the  quicker  one  to  the  minute  hand.  The  bridge  has  no 
stop  to  its  movement,  and  would  swing  clear  past  its  right  position 
if  the  turning  power  were  continued,  but  the  bridge-man  being 
guided  by  the  indicator,  knows  when  to  stop  and  reverse  the  hydrau- 
lic engines,  for  the  purpose  of  stopping  the  bridge  at  its  right  place. 
When  this  is  done,  a  strong  bolt,  3  inches  thick,  in  each  end  of  the 
bridge,  pressed  outwards  by  a  spiral  spring,  is  shot  into  a  corres- 
ponding notch  in  the  fixed  girder  work,  so  as  to  lock  the  bridge; 
and  when  the  bridge  is  required  to  be  opened,  these  bolts  are  with- 
drawn by  a  wire  cord  leading  to  the  platform  on  which  the  bridge- 
man  is  stationed.  As  the  accumulator  is  stationary,  and  the  fixing 
gear  at  the  ends  of  the  bridge  travels  with  the  bridge,  the  commu- 
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nication  of  water  power  is  made  by  a  copper  pipe  passing  up  in  the 
axis  of  the  bridge,  through  the  middle  of  the  centre  girder,  having 
a  swivel  joint  at  the  lower  end.  Also,  as  the  hand  gear  for  the 
bridge-man  rotates  with  the  bridge,  while  the  hydraulic  turning 
engines  are  stationary,  the  communication  for  working  the  valves 
is  made  by  a  copper  rod  passing  down  through  the  centre  of  the 
above  pressure  pipe  in  the  axis  of  the  bridge.  This  rod  is  con- 
nected by  levers  direct  with  the  regulating  valves  of  the  hydraulic 
engines,  and  the  engines  are  reversed  in  either  direction  by  the 
action  of  a  small  hydraulic  cylinder,  which  is  governed  by  the 
movement  of  a  three-port  valve,  actuated  by  this  rod  from  the 
bridge-man's  platform.  The  cylinders  for  working  the  fixing  gear 
at  the  ends  of  the  bridge  are  worked  by  valves  placed  upon  the 
centre  platform,  in  reach  of  the  bridge-man,  the  pipes  between  the 
valves  and  the  cylinders  passing  along  the  side  of  the  roadway  of 
the  bridge.  The  time  required  for  opening  or  closing  the  bridge, 
including  the  locking  of  the  links,  is  only  half  a  minute,  the  average 
speed  of  motion  at  the  extremities  of  the  bridge  being  6^  feet  per 
second.  For  the  purpose  of  ensuring  safety  in  the  working  of  the 
railway  line  over  the  bridge,  a  system  of  self-acting  signals  is  ar- 
ranged, that  is  actuated  by  the  fixing  gear  at  the  two  ends  of  the 
bridge,  and  a  signal  of  "  all  right "  is  shown  by  a  single  semaphore 
and  lamp  on  the  fixed  part  at  each  end ;  but  this  cannot  be  shown 
until  each  one  of  the  resting  blocks  and  bolts  is  secured  in  its  proper 
place. 

The  paper  was  illustrated  by  a  series  of  diagrams,  to  which,  as 
the  paper  was  being  read,  Mr.  Westmacoit  directed  attention  where 
necessary,  to  render  the  details  of  the  bridge  more  lucid  and 
intelligible. 

A  discussion  ensued  upon  the  subject  of  the  paper,  and  after- 
wards Mr.  I.  L.  Bell  proposed  a  cordial  vote  of  thanks  to  the  Presi- 
dent for  his  able  and  valuable  paper.  Mr.  Bell  stated  that  nothing 
could  exceed  the  perfect  manner  in  which  the  work  had  heen  exe- 
cuted, and  so  gratified  were  the  directors  of  the  North-Eastern  Com- 
pany, that  they  had  placed  upon  the  transactions  of  the  Board  a 
minute,  recognizing  their  entire  satisfaction  at  the  manner  in  which 
the  work  had  been  done. 

The  motion  was  carried  with  acclamation,  and  the  President 
briefly  acknowledged  the  vote. 

The  President  announced  that  the  directors  of  the  North-Eastern 
Company  had  courteously  offered  to  place  a  special  train  at  the 
service  of  the  members  of  the  Institute,  in  order  that  on  their 
return  south  on  Saturday  they  might  visit  the  bridge. — Engineering. 
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ON  VARIOUS  PROCESSES  FOR  PRESERVING  TIMBER. 

By  Dr.  Adolph  Ott. 
(Continued  from  page  198.) 

The  light  oil  was  found  to  be  of  no  avail,  for  the  wood  treated 
with  it  decayed  within  the  same  period  of  time  as  wood  that  was 
not  treated  at  all.  The  delay  in  time,  in  the  decomposition  pro- 
duced by  aniline  oil,  amounted  only  to  6*66  per  cent.,  which,  in- 
deed, is  a  very  insignificant  period. 

It  is  well  known  that  carbolic  acid  affords  an  excellent  means  for 
preserving  animal  matter  from  putrefaction.  This  fact  has  led  to 
the  conclusion  that  the  heavy  tar  oils  would  be  as  excellent  for 
preserving  wood,  they  being  the  chemists'  source  for  carbolic  acid. 
Rottier  found  this  hypothesis  unconfirmed.  Decomposition  set 
in  after  the  usual  period  of  time,  whether  the  acid  was  employed 
ia  solution  in  benzine,  or  otherwise.  Tar  oils  which  contained  not 
a  trace  of  carbolic  acid,  proved  to  be  just  as  effectual,  or  strictly 
speaking,  "  ineffectual,'^  as  oil  to  which  a  considerable  portion  of 
the  acid  had  been  added.  Naphthalin  has  proved  to  be  very  pow* 
erful  in  protecting  collections  of  natural  objects  against  the  ravages 
of  insects.  It  might  therefore  appear  that  it  was  the  proper  agent 
for  preserving  wood.  This  is  not  the  case ;  it  being  too  volatile  to 
be  adapted  for  the  purpose  in  question,  where  time  and  external 
agencies  play  such  an  important  part.  Quite  favorable  results  were 
obtained  with  the  greenish  fluorescent  oil,  that  comes  over  at  the 
last  stage  of  the  distillation.  Direct  trials  with  pyren  and  para- 
napthalin,  however,  did  not  yield  successful  results,  wherefrom  it 
must  be  concluded  that  it  is  the  green  fluorescent  oil  to  which  the 
preserving  action  of  coal  tar  must  be  attributed.  The  only  ques- 
tion which  presents  itself  is,  does  the  tar  contain  sufficient  quanti- 
ties of  this  fluorescent  oil,  so  as  to  justify  the  employment  of  coal 
tar  for  preservative  purposes?"  From  an  extensive  experience, 
and  the  collective  testimony  of  others,  I  am  inclined  to  answer  this 
question  rather  in  the  negative  than  in  the  affirmative  sense. 

Importance  of  the  protection  of  Forests.     Lamentable  results  of  their 

devastation. 

In  speaking  of  the  supply  of  ship  timber  in  this  country,  Mr. 
William  W.  Bates,  of  Chicago,  Illinois,  says : — * 

*  Report  of  the  Commissioner  of  Agriculture,  for  the  year  1866  ;  page  490. 


Digitized  by  VjOOQ IC 


24B  Mechanics^  Physics^  and  Chemistry. 

"  From  navy  yards  to  cooper  shops,  from  railroads  to  street-alleys, 
and  from  bridge-building  to  shingle  making,  there  is  no  quarter 
given  to  the  oak,  and  no  peace  to  the  pine.  When  we  reflect  that 
more  than  sixty  trades  and  nearly  half  a  million  artizans  flourish 
and  prosper  by  consuming  wood  in  manufactures  in  the  United 
States,  and  that  by  far  the  greater  proportion  of  woods  used  are  the 
very  kinds  preferred  in  ship-building,  it  will  become  manifest  that 
there  is  real  cause  for  serious  consideration  of  the  subject  of  future 
supplies.  Ship  timber  now  costs  nearly  or  quite  double  what  it 
did  ten  or  twenty  years  ago ;  and  what  is  more,  certain  influences 
are  at  work  narrowing  the  circle  of  woods  eligible  for  construction, 
and  thus  increasing  the  difficulty  of  building  a-  vessel  for  a  mode- 
rate price.  It  will  yet  become  a  question  of  some  importance  among 
ship  owners  whether  there  are  not  other  timber  growths  than  oak 
and  pine  to  be  found  in  the  forests  of  the  United  States,  from  which 
good  and  durable  vessels  may  be  built  for  reasonable  prices.  When 
a  full  and  complete  course  of  mechanical  and  philosophical  experi- 
ments shall  have  made  the  commercial  community  acquainted  with 
the  timber  properties  of  all  the  trees  of  our  great  country,  of  which 
the  wisest  must  confess  the  want  of  information  up  to  this  time, 
many  will  wonder  at  the  present  general  assumption  that  only  a 
few  kinds  of  trees  would  furnish  timber  fit  for  ship  building." 

And  let  us  add  with  Frederick  Starr : — 

"When  we  remember  that  it  is  through  their  (the  ships)  instru* 
mentality  that  those  articles  are  brought  which  yield  such  a  national 
income  to  the  Government,  surely  wood  stands  forth,  demanding 
again  the  acknowledgment  of  its  value  and  power,  which  thought- 
less men  have  never  given  to  it."* 

Let  us  look,  besides,  at  the  buildings  of  brick  and  stone,  at  the 
thousands  of  farm-dwellings,  the  manufacturing  establishments,  the 
railroads,  everywhere  we  meet  timber  under  a  new  aspect.  Wood, 
according  to  the  last  mentioned  author,  pays  more  than  one-half  of 
the  entire  internal  revenue  of  the  United  States.  Let  us  glance  on 
the  other  hand,  at  the  desolation  with  which  many  once  beautiful 
and  fertile  regions  of  Europe  have  been  overwhelmed  in  the  time 
of  one  single  generation  by  the  destruction  of  its  forests.  In  con- 
sidering the  yearly  devastation  of  our  American  forests,  it  becomes 
at  once  evident  that  the  question  of  the  saving  of  wood  constitutes 

*  American  Forests,  their  destruction  and  preservation.    Report  of  the  Commis- 
sioner of  Agriculture,  for  the  year  1865;  page  238. 
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one  of  the  most  important  subjects  of  political  economy.  Indeed, 
the  interest  of  wood,  according  to  Starr,  will  place  the  interests  of 
cotton,  wool,  coal,  iron,  meat,  and  even  grain,  beneath  its  feet. 

Fortunately,  like  the  "cloud  no  bigger  than  a  man's  hand,  just 
rising  from  the  sea,"  a  lively  interest  begins  to  awake  on  this  sub- 
ject. In  the  legislative  halls,  as  well  as  in  the  rooms  of  scientific 
societies,  in  agricultural  and  technical  periodicals,  the  subject  of  the 
preservation  of  wood  is  being  discussed  with  an  earnestness  and 
eager  search  for  truth,  which  must  command  our  highest  interest 
and  participation. 

Probable  causes  of  the  decay  of  Wood.    On  instances  when  timber  does 

not  rot 

In  the  foregoing,  the  author  has  endeavored  to  throw  some  light 
on  various  processes  which  have  been  brought  to  the  notice  of  the 
public.  Not  having  found  any  one  of  them  perfect,  he  now  proposes 
to  discuss  the  main  points  to  be  kept  in  sight  in  any  attempt  for 
the  solution  of  this  most  important  problem. 

The  decay  of  timber,  or  the  peculiar  transformation  which  makes 
it  unfit  for  practical  purposes,  seems  to  be  in  most  instances  produced 
by  the  attack  of  fungi  and  lichens. 

Whether  it  benecessary  that  the  sap  upon  which  they  thrive,  should 
he  in  a  state  of  fermentation,  or  whether  it  is  seized  when  yet  in 
an  unchanged  state,  is  not  yet  decided,  but  worthy  of  investigation* 
The  access  of  air  seems  to  be  necessary  in  sO  far  as  the  fungi  them- 
selves need  oxygen ;  it  is,  however,  improbable  that  the  albumen 
is  the  only  substance  of  the  juice  on  which  they  are  capable  of 
vegetating,  for  the  fact  that  the  presence  of  albuminous  substances 
is  not  conditional  in  other  and  well  studied  modes  of  fermentation. 
Timber  is  naturally  more  subject  to  rot  when  perforated  by  the 
larvae  of  insects,  or  if  deprived  of  its  bark,  or  otherwise  damaged.* 

Trees  which  are  hewn  when  the  motion  of  the  latex  is  greatest, 
tire  most  susceptible  to  decay.  Trees  with  an  abundance  of  sap,  as 
maple,  red  and  white  beech,  are  little  durable.     The  sap  wood 

*  The  mouldering  of  wood  is  distinct  from  decay,  it  being  merely  a  chemical  pro- 
cess caused  by  the  action  of  water  with  small  access  of  air.  This  process  requires 
centuries,  and  its  consideration  Would  therefore  bo  of  no  practical  importance  in  a 
discussion  on  the  decay  of  wood.  It  is  most  probable  that  the  lignites  and  mineral 
coals  are  the  products  of  the  mouldering  of  wood.  The  process  alternately  causes 
evolution  of  carbonic  oxide,  carbonic  acid,  and  marsh  gas.  Instances  of  the  pre- 
servative action  of  water  upon  (originallv  sound^  wood,  are  the  old  Spanish  dwell* 
ings  of  the  Canaries,  built  in  1402,  utensils  from  lacustrine  inhabitations,  and  roots 
Bubmerged  in  marshes.  Hartig  describes  a  submerged  cypress  stem  with  over  8000 
year  rings,  of  which  the  innermost  arc  said  to  be  perfectly  compact  and  little 
altered. 
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always  rots  first.  Wood,  on  the  other  hand,  when  well  seasoned, 
and  kept  in  dry  situations,  generally  [withstands  decay  for  a  con- 
siderable length  of  time,  but  if  exposed  to  dampness,  it  will  soon 
begin  to  rot.*  Timber  that  has  already  undergone  decomposition, 
may  be  saved  from  further  destruction  by  being  subjected  to  steam- 
ing in  close  chambers.  This  is  explained  bj  the  fact,  that  the 
microscopic  plants  mentioned,  or  their  spores,  are  killed  by  an  ele- 
vated temperature. 

"  Perhaps  the  most  simple  and  practical  method  for  preserving 
timber,"  says  William  Bates,t  "  is  by  subjecting  it  properly  to  the 
action  of  water  and  air.  By  the  action  of  water  it  may  be  deprived 
of  all  those  vegetable  matters  contained  in  it  which  are  soluble  in 
water,  and  which  by  heat  and  moisture,  are  caused  to  ferment  and 
rot.  *****  By  the  action  of  air,  the  water  and 
moisture  contained  in  the  timber  may  be  evaporated,  and  the  fibres 
of  the  wood  be  brought  closer  together  by  the  loss  and  shrinkage 
of  the  vegetable  matters  deposited  between  them." 

With  respect  to  the  first  step,  it  may  be  mentioned  that  it  is  an 
ancient  practice  in  England  to  steep  the  oak  planks  for  threshing 
floors,  and  those  intended  for  the  wainscoting  of  houses,  in  running 
water.  Timber,  treated  in  this  way,  is  said  to  endure  for  an  immemo- 
rable  time ;  but  this  process,  though  eflfectual,  is  by  far  too  slow  to 
be  practicable.  Again,  when  such  wood  is  placed  under  conditions 
favorable  to  decay,  it  will  soon  begin  to  rot,  either  because  only 
part  of  the  sap  has  been  withdrawn,  or  because  foreign  substances 
have  gained  entrance.  Moreover,  such  wood  is  always  liable  to 
warping  and  shrinkage;  it  will  check  and  crack,  and  when  con- 
nected with  other  materials,  as  in  buildings,  it  will  check  and  crack 
them  also. 

*  The  hygroicopic  nature  of  the  wood  preTents  the  total  expulsion  of  water  by 
air  drying,  for  Rumford  found  that  air  dried  woods  heated  to  277°  Fah.,  lost  weight 
(per  cent.)  without  being  altered,  as  follows: 

Oak  wood  lost 16-64 

Elm  18-20 

Beech  18-66 

Maple 18-68 

Fir  17-58 

Birch 19-38 

Lime 18-79 

Poplar 19-66 

{Encyclopedia  of  Chemistry^  by  James  C.  Booth,  assisted  by  Campbell  Morfit. 
Second  edition.     Philadelphia,  1862.     Article,  *<  wood.") 

t  Vide  his  article  on  Ship  Timber  in  the  United  States,  in  the  Report  of  the  Com- 
missioner of  Agriculture  for  1866  :  page  494. 

(To  be  continued.) 
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SOLAR  ECLIPSE  OF  AUGUST  7, 1869. 

(Continued  from  2>age  216  ) 
Report  of  Alfred  M.  Mater,  Ph.D. 

(Chief  of  the  Burlington  Section  of  the  PhlladelphlA  Photographic  Expedition.) 

To  Prof.  Henry  Morton,  Ph.D. 

Dear  Sir  : — I  herewith  present  to  you  my  report,  as  chief  of  the 
Burlington  section  of  the  Photographic  Expedition,  organized  by 
you  under  the  authority  of  Prof.  J.  H.  C.  Coffin,  U.  S.  N.,  Super- 
intendent of  the  Nautical  Almanac. 

This  report  is  given  under  the  following  heads : 

1.  Diary  of  work  at  Burlington  up  to  the  time  of  the  Eclipse. 

2.  The  Station,  with  a  Map  of  the  same. 

3.  The  Equatorial  and  its  Adjustments  in  Altitude  and  Azimuth. 

4.  The  Camera  and  Chronographs 

(Oi)  The  adjustment  of  the  Beticule  of  the  Camera. 
(J.)  The  experimental  determination  of  the  time  of  ex- 
posure during  partial  phase. 

5.  The  Work  during  the  Eclipse* 

6.  Description  of  the  Photographs  taken. 

7.  Results. 

(fli)  Time  of  First  Contact. 

(i.)  Position-angles  of  first  and  fourth  contaotSi 

(c.)  Angles  of  position  and  heights  of  the  protuberances; 

(d.)  Measurements  on  the  solar  spot  in  S.  W.  quadrant. 

8.  Observations  on  the  application  of  Photography  to  the  deter- 

termination  of  the  times  of  contacts  during  the  transits  of 
Venus  in  1874  and  1882. 

1.  Diary  of  Work  at  Burlington  up  to  the  time  of  the  Eclipse. 

Our  party,  consisting  of  Messrs.  O.  H.  Willard,  H.  C.  Phillips, 
J.  Mahoney,  0. 11.  Kendall,  Miles  Rock  (who  accompanied  the  ex- 
pedition as  my  special  assistant),  and  myself,  arrived  at  Burlington, 
Iowa,  about  noon  on  Wednesday,  Aug.  4. 

We  were  here  received  by  Prof.  Coffin,  who  had  previously  se- 
lected our  station  of  observation,  and  on  it  had  erected  a  building 
to  contain  the  equatorial,  with  adjoining  rooms  suitable  for  photo- 
graphic purposes.  The  afternoon  was  occupied  in  the  transporta- 
tion of  our  boxes  to  the  observatory  and  in  unpacking  and  mount- 
ing the  telescope ;  while  Mr.  Willard  made  some  additions  to  the 
Vol.  LVIII.— Third  Series.— No.  4.— October,  18G9.         82 
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\)liotographic  rooms  and  modifications  in  their  arrangement.  We 
jad  progressed  so  well  with  our  work  that  by  sun-down  we  had 
put  together  the  base  and  frame  of  the  telescope,  had  mounted  bed- 
plate, polar  and  declination  axes  and  circles  and  the  cradle  which 
holds  the  telescope  tube. 

On  Thursday,  Atig.  5,  the  tube  was  placed  in  the  cradle  and  all 
the  parts  of  the  telescope  were  put  together  and  oiled.  The  ver- 
hiers  were  now  adjusted  opposite  each  other,  and  the  instrument 
was  brought  into  altitude  adjustment  to  within  V  by  the  process 
described  below. 

Mr.  Austin,  of  the  Nautical  Almanac  OflBce,  at  the  request  of 
Prof.  Coffin,  had  previously  run  a  meridian  line  on  the  cross  tim- 
bers which  supported  the  base  of  the  telescope  and,  as  near  as  could 
be  determined,  I  brought  the  polar  axis  and  this  line  into  one  plane. 
This  forethought  of  Prof.  Coffin  greatly  expedited  the  bringing  of 
the  equatorial  into  position,  and  I  afterwards  found  from  star  oh* 
servations  that  the  azimuth  adjustment  required  to  be  touched  but 
slightly. 

We  rose  on  Friday  morning,  Aug.  6th,  to  see  a  driving  rain, 
with  an  east  wind,  and  the  same  dull  murky  atmosphere  which  we 
had  had  all  the  day  before.  Yet  we  went  on  attending  to  the  de- 
tails of  arrangements  for  the  coming  day  as  though  we  could  not  be 
disappointed  after  weeks  spent  in  previous  preparation  for  the  work 
of  to-morrow,  and  after  having  come  over  a  thousand  miles  to  carry 
back  with  us  the  long  thought  of  eclipse,  fixed  on  our  plates  in  op- 
pearancCj  time  and  position. 

As  we  retired  there  appeared  a  breaking  away  in  the  clouds  and 
Dr.  Gould  told  the  clerk  in  the  office  to  "  wake  us  up  if  the  stars 
came  out."  We  had  barely  lost  ourselves  in  cloudy  slumber  when 
the  clerk  knocked  at  the  door  with  "  Get  up !  plenty  of  stars !"  We 
were  soon  dressed  and  came  out  to  be  charmed  by  the  sight  of  a 
cloudless  sky,  and  Prof.  Coffin,  Dr.  Gould  and  I  were  up  all  night, 
putting  our  own  special  instruments  in  adjustment,  and,  at  the  same 
time,  helping  each  other  as  we  could.  When  all  was  finished  the 
sun  Avas  rising  over  the  trees  on  the  opposite  bank  of  the  Missis- 
sippi and  the  air  was  as  pure  and  as  serene  as  one  could  wish. 

On  Saturday  morning  the  chronograph  was  mounted  and  wires 
were  led  to  the  camera,  to  Prof*  0.  A.  Young's  spectroscope  and  to 
the  station  of  Dr.  Gould  outside  the  building.  The  two  threads  of 
the  reticule  of  the  camera  were  placed  one  parallel  and  the  other  at 
right  angles  to  the  celestial  equator.    Mr.  Willard  now  began  ex- 
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periments  to  ascertain  the  chemical  focus  and  his  success  in  this 
delicate  adjustment  will  speak  for  itself  to  all  who  examine  the 
beautiful  details  of  the  photographs. 

It  is  here  important  to  remark  that  the  chemical  focus  was  ob- 
tained after  the  tube  had  been  following  the  sun  for  an  hour  or 
more,  and  afl;er  the  focus  was  fixed,  the  clock-work  was  kept  going 
so  that  no  change  in  focus  should  supervene  from  a  change  in  tem- 
perature in  the  lenses  and  tube ;  which  change  of  focus  certainly 
would  have  occurred  if  we  had  closed  the  roof  of  the  observatory 
and  had  uncovered  only  a  short  time  before  the  eclipse. 

By  3  P.  M.  all  was  in  readiness  and  each  one  at  his  allotted  post 
of  duty  ready  for  work.  We  were  now  surrounded  by  a  clear,  sofb 
atmosphere  without  the  slightest  haze,  and  no  trace  of  clouds  except 
a  small  low  bank  on  the  western  horizon.  The  temperature  of  the 
air  was  71°  Fahr. 

2.  The  Station. 

The  station  selected  for  ns  by  Prof.  Coffin  was  situate  on  an 
eminence  known  as  South  Hill  in  the  south-west  part  of  the  town 
of  Burlington.  The  enclosure  was  a  level  square  of  ground  thickly 
covered  with  clover  grass  and  surrounded  by  a  hedge.  It  was  ele- 
vated about  175  feet  above  the  river,  and  its  quiet  and  freedom 
from  dust  rendered  it  admirably  suited  to  our  purposes. 

The  accompanying  plan,  made  under  my  direction,  by  Mr.  Miles 
Bock,  C.  E.,  will  show  the  plan  of  the  building  and  the  position  of 
the  instruments,  observers  and  photographers  during  the  eclipse.* 

The  latitude  of  our  station  in  Burlington  is  40°  48'  21-58"  N, 
Longitude,  0 h.  56 m.  1388 s.  W.  of  Washington.  It  was  about  7 
miles  north  of  the  centre  of  the  moon's  shadow. 

8.  The  Equatorial  and  its  Adjustments. 
The  equatorial  was  borrowed  from  the  observatory  of  the  Central 
High  School  of  Philadelphia,  and  is  by  Merz  and  Mahler  of  Munich. 
It  is  of  9  feet  focus  and  6*42  inches  aperture  and  was  mounted  on  one 
of  Fraunhofer's  wooden  stands.  It  has  a  driving  clock,  the  move- 
ment of  which  is  governed  by  the  friction  of  revolving  arms  against 
the  inner  surface  of  a  cone,  and  by  bringing  the  knobs  (which  ter^ 
minate  the  arras  and  are  attached  to  them  by  springs)  to  run  against 

*  As  this  map  was  of  large  size  and  not  essential  to  the  understanding  of  any 
important  point,  it  was  not  thought  doairahle  by  the  Committee  oil  Publications  ta 
have  it  engraved. — Ed. 
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a  larger  or  smaller  circumference  of  the  cone  we  obtain  a  greater 
or  less  velocity  of  clock-movement. 

The  stand  of  the  telescope  rested  on  massive  cross-timbers  firmly 
rammed  in  the  ground. 

The  object-glass  of  this  instrument  had  a  light  brownish  tinge, 
which  it  is  important  to  remember,  as  it  may  have  had  some  effect 
on  the  chemical  action  at  its  focus. 

The  probability  of  cloudy  weather  immediately  preceding  the 
eclipse,  caused  me  to  use  the  following  method  of  adjustment;  and 
it  is  well  I  did,  for  otherwise  I  should  not  have  been  able,  in  the  few 
hours  when  the  stars  did  appear,  to  have  brought  my  telescope  into 
the  exact  position  I  did; 

I  had  the  cap,  which  covers  the  object-glass,  centered  on  a  lathe 
and  pierced  with  a  hole.  The  object-glass  and  eye-lenses  were  re- 
moved and  a  plumb  line  was  let  fall  from  the  hole  in  the  centre  of 
the  cap  through  the  hole  of  the  cap  of  the  occular.  When  the  line  was 
brought  to  the  centre  of  the  hole  of  the  eye-cap,  the  axis  of  the 
telescope  was  vertical.  The  vernier  was  now  read,  the  tube  brought 
to  a  vertical  position  on  the  other  side  of  the  polar  axis  and  tlie 
vernier  read  again.  The  difference  of  readings  gives  twice  the 
angle  formed  by  the  vertical  with  the  polar  axis,  and,  if  the  polar 
axis  is  elevated  to  the  latitude  of  the  place,  will  equal  twice  the  co- 
latitude  of  the  station.  If  the  angle  obtained  is  too  great,  close  it  by 
elevating  the  polar  axisj  if  too  little,  open  it  by  depressing  the  axis. 

1  thus,  assisted  by  Mr.  Rock,  adjusted  the  telescope  to  within  1'. 
The  error  read  was  30".  I  say  within  1',  for  1'  on  a  radius  of  9  feet 
is  *03182  inch,  and  a  deflection  of  the  line  yg^  of  an  inch  from  the 
centre  of  the  occular  cap  will  give  a  deviation  from  centrality  of 
twice  that  quantity,  or  jJu,  (about  ^'g  inch);  for  we  measure  with  the 
eye  from  the  sides  of  the  hole  to  the  line  and  not  from  its  centre  to 
the  line,  so  the  difference  of  these  measures  is  twice  the  deviation. 

As  stated  above,  the  polar  axis  was  brought  as  near  as  could  be 
in  one  plane  with  the  meridian  line  previously  traced  and  the  azi- 
muth adjustment,  tested  in  the  following  manner,  required  only  a 
slight  alteration. 

To  bring  polar  axis  into  the  plane  of  the  meridian* — Select  an 
equatorial  star  and  place  micrometer  thread  so  that  the  star  glides 
along  the  thread  when  the  telescope  is  moved  in  right  ascension. 
The  thread  is  now  nearly  parallel  to  the  equator.  Select  a  star  about 
three  hours  off  the  meridian,  say  W.,  and  bring  it  on  equatorial 
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thread  of  micrometer  and  set  the  clock  going.  If  the  star,  (as  seen 
in  a  refractor  with  a  direct  eye-piece)  rises  above  the  thread,  then 
N,  end  of  polar  axis,  is  E,  of  the  meridian;  if  the  star/aZfo  below 
the  thread,  then  N,  end  of  axis,  is  W,  of  meridian  plane.  If  an  1} 
star  is  used,  then  the  above  rule  is  reversed  (E  for  W,  &c.) 

After  each  adjustment  the  equatorial  wire  is  reset  to  the  equator, 
^nd  the  operations  are  continued  until  star  neither  rises  nor  falls. 

On  the  night  of  the  6th — 7th  this  adjustment  was  eflfected  and 
the  clock,  after  much  trouble,  regulated  until  it  drove  the  tube  so 
that  a  star  was  closely  bisected  for  about  twenty  minutes.  During 
the  adjustment  of  the  clock  the  precaution  was  taken  to  place  the 
tube  to  about  the  same  elevation  it  would  have  the  next  day  during 
totality. 

4.  The  Camera  and  Chronograph. 

The  image  of  the  sun  was  formed  on  the  plate  of  the  camera  by 
the  action  of  a  negative  eye- piece,  the  lenses  of  which  were  so  placed 
by  Mr.  Zentmayer  in  relation  to  the  objeot-glass  and  to  each  other, 
that  the  diameter  of  the  sun's  image,  on  a  4  J  X  5  J  inch  plate,  was 
2*04  inches.  This  image  was  therefore  not  the  direct  image  formed 
by  the  object-glass,  but,  according  to  De  la  Eue's  plan,  adopted  and 
judiciously  modified  by  you,  it  was  the  magnified  image  of  the 
direct  image  which  was  used. 

(a.)  The  adjustment  of  the  reticule  of  the  camera. 

Mr.  Zentmayer  had  so  constructed  the  camera  eye-piece  that  the 
image  of  a  reticule  of  two  spider  threads,  at  right  angles  to  each 
other,  was  formed  on  the  plate  with  the  image  of  the  sun,  and  these 
threads  were  so  mounted  that  they  could  be  adjusted  respectively 
parallel  and  at  right  angles  to  the  celestial  equator,  and  thus  fix  on 
the  photographs  the  positions  of  the  sun  and  moon,  and  give  the 
position-angles  of  points  on  the  surface  and  periphery  of  the  sun. 
This  adjustment  I  deemed  of  great  importance,  as  without  it  we 
would  not  obtain  the  position-angles  of  contact  nor  the  positions  of 
the  protuberances  during  totality.  The  lines  are  nearly  as  sharply 
defined  on  the  pictures  of  totality  as  on  those  taken  during  partial 
phase. 

The  adjustment  was  made  as  follows :  The  camera  was  firmly 
screwed  to  the  telescope  and  the  focussing  tube  was  moved  until 
the  images  of  the  sun  and  threads  of  the  reticule  were  brought  to 
exact  focus  on  the  ground  plate.  The  well-defined  spot  in  the 
S.  W.  quadrant  of  the  sun  was  now  made  to  travel  along  the  thread, 
by  clamping  the  telescope  in  right  ascension,  and  the  reticule  plate 
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revolved  until  the  spot  was  accurately  bisected  during  all  its  pro- 
gress across  the  field.  The  telescope  was  then  undamped  in  right 
ascension  (still  remaining  clamped  in  declination),  and  moved 
around  the  polar  axis  so  that  the  spot  ran  along  the  thread;  it  was 
found  to  be  bisected  throughout  all  its  transit. 

Dr.  Gould,  at  my  request,  now  examined  the  adjustment  and  pro- 
nounced it  precise. 

(J.)  The  experimental  determination  of  the  time  of  exposure  dur- 
ing partial  phase. 

The  tube  carrying  the  camera  lenses  screwed  into  a  plate,  in 
which,  immediately  in  front  of  the  anterior  lens,  was  a  guide  in 
which  a  thin  plate,  having  a  horizontal  slot  of  •022-t  inch  in  width, 
was  caused  to  descend  by  the  action  of  a  spring.*  Any  integral  ray 
of  the  beam  whose  rays  successively  passed  this  slot,  traversed  the 
plate  only  during  the  time  it  took  the  slot  to  fall  its  own  breadth, 
or  the  '0224  of  an  inch ;  and  the  determination  of  this  time, — being 
the  time  of  exposure, — has  been  the  object  of  an  experimental  in- 
vestigation which  is  given  below. 

During  totality  the  full  aperture  of  object-glass  was  employed  and 
a  slide-plate  was  used  which  had  a  circular  opening,  which  allowed 
the  full  beam  to  pass.  This  plate  had  two  falls  instead  of  one  as 
was  the  case  with  the  '0224  inch  slide  used  during  partial  phase. 
On  setting  the  plate  free  by  the  top  trigger  it  fell,  and  the  collodion 
plate  was  exposed  to  the  entire  beam ;  after  the  desired  exposure  a 
lower  trigger  was  relieved  and  the  plate  made  a  second  fall  and,  the 
lens  being  covered  by  the  top  of  the  plate,  the  exposure  ceased. 

After  my  examination  of  the  photographs  I  realized  the  import- 
ance of  an  accurate  determination  of  the  time  of  exposure  during 
partial  phase,  so  that  those  who  should  hereafter  attempt  similar 
work  might  have  the  full  benefit  of  our  experience.  This  I  con- 
sidered all  the  more  important  because  our  results  are  apparently 
as  perfect  as  any  heretofore  attained,  and  therefore  the  time  which 
gave  these  results  should  be  accurately  known. 

A  reference  to  the  diagram  of  the  camera  will  render  clear 
the  method  of  registering  on  the  chronograph  and  also  the  pro- 
cess by  which  I  determined  the  duration  of  the  flash  of  the  sun 
which  fixed  his  image  on  our  plates. 

During  the  eclipse  the  registration  on  the  chronograph  was  ef- 

*  The  coDstruction  was  8uch  that  the  plate  could  be  made  to  descend  by  the  ac- 
tion of  1,  2  or  8  springs ;  only  one  was  used  by  me  for  the  exposures  of  both  partial 
phase  and  of  totality. 
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fected  as  follows :  A  circuit  passed  from  the  face  plate  4  3  to  the 
chronograph  through  the  trigger  K,  and  the  spring  attached  to  the 
binding  screw  l,  which  latter  was  insulated  from  the  slide  by  being 
fixed  to  the  wooden  camera  box.  On  tapping  the  trigger  K,  the 
pin,  p,  of  the  slide,  being  relieved  of  support,  the  slide  fell,  and  the 
circuit  was  broken  by  the  spring  under  the  trigger  no  longer  touch- 
ing the  top  of  the  spring  L.  Thus  a  break  circuit  was  obtained,  at 
the  instant  of  each  exposure,  which  was  duly  registered  on  the 
chronograph. — (See  Plate  I.,  opposite,) 

The  arrangement  of  apparatus  and  circuit  for  the  determination 
of  the  time  of  exposure  was  as  follows : — 

From  the  break-circuit  clock  of  my  observatory  I  led  a  wire  to 
one  pole  of  a  battery,  thence  by  the  other  pole  to  the  plate  at  H ; 
from  this  plate  the  current  went  through  the  trigger  x  and  spring 
at  L  to  a  Morse  register ;  from  the  register  by  a  wire  which  led  back 
to  the  clock  and  thus  completed  the  circuit.  Another  short  stiff  wire, 
OA,  was  attached  to  the  binding  screw  L,  and  reached  from  L  to  a 
short  distance  beyond  the  slot,  A,  and  was  in  front  of  the  surface  of 
the  face-plate,  A  B,  but  so  near  to  it  that  when  the  slide  fell,  the  pro- 
jecting pin,  p,  would  strike  the  wire  about  ^\ih  of  an  inch  above 
its  lowest  point  of  fall.* 

Now,  suppose  the  projecting  pin  p  to  rest  on  the  trigger  K,  while 
the  spring  under  the  trigger  rests  on  the  top  of  the  steel  spring  at- 
tached to  L,  and  that  a  paper  fillet  is  running  through  the  Morse 
register;  then  at  every  second  the  clock  will  for  an  instant  open 
the  circuit  and  there  will  be  a  very  short  break  made  in  the  line 
marked  by  the  pen  on  the  fillet,  and  thus  the  seconds  of  time  are 
stepped  off  in  space  on  the  paper  ribbon.  Suppose  now  that  the 
long  end  of  the  trigger  k  be  sharply  driven  by  the  blow  of  a  ham- 
mer against  the  face  of  the  camera ;  the  circuit  will  be  open  during 
the  fall  of  the  pin  from  the  top  of  the  trigger  to  the  point  where  it 
strikes  the  wire,  o  A,  projecting  from  L,  and  there  will  be  produced  in 
the  line  on  the  fillet  a  break,  whose  length  compared  with  the  length 
of  the  second  in  which  it  occurs  will  give  the  time  required  for  the 
plate  to  fall  the  above  mentioned  distance.  It  is  evident  that  as 
soon  as  the  pin  strikes  the  wire  the  circuit  is  again  closed,  and  the 
clock  breaks  the  circuit  as  before  the  fall.  I  always  struck  the  trig- 
ger at  about  a  half  second  so  that  the  comparison  could  be  readily 
and  accurately  made. 

*  The  wire,  o  A,  is  represented  in  the  engraving,  tiont  upward  at  its  end,  a  ;  it 
should  he  straight. 
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We  have  given  an  engraving  of  a  fillet,  which  shows  the  break 
at  the  seconds  and  during  the  fall  of  the  plate. 

The  fall  being  accurately  measured  and  the  time  of  that  fall 
known,  the  time  the  plate  takes  to  fall  '0224  inch,  which  is  the  time 
of  exposure,  can  be  accurately  computed. 

Before  giving  the  results  of  these  experiments  I  should  remark 
that  the  plate  descends  with  an  increasing  velocity  produced  by  the 
action  of  the  decreasing  force  of  the  spring,  and  what  I  obtained 
was  the  mean  velocity  of  the  plate.  Also,  the  time  it  took  the  pen 
of  the  register  to  leave  the  fillet  at  demagnetization  and  to  return 
to  the  fillet  at  magnetization  is  neglected,  and  as  I  had  no  means  of 
determining  it  I  adjusted  the  force  of  current  and  of  spring  so  that 
these  motions  were  as  rapid  as  possible.  I  do  not  think  the  time 
required  for  these  motions  has  affected  the  results  appreciably,  es- 
pecially as  the  fall  was  a  large  multiple  of  the  breadth  of  the  slot. 

The  breadth  of  the  slot  was  measured  under  the .  microscope  and 
the  mean  of  three  measures,  at  ends  and  middle,  gave  '0224  inch. 

As  an  example  of  the  manner  of  determining  the  time  of  expo- 
sure from  the  above  data  we  will  take  the  results  of  Fillet  No,  1, 

Length  of  second  on  fillet,  -83      inch. 

"        break  during  the  fall  of  slide    "105       " 
Fall  of  slide  1-340  .    " 

Width  of  slot  in  plate  -0224     " 

=  0»-126  =  time  of  fall  of  slide  through  1-34  inch. 


•83 

'126  X -0224 
1-34 


=  '00211  =  time  of  exposure. 


No.  of  Fillet. 


Length  of  Is. 
on  Fillet. 


•830  inch. 

•766  " 

•790  ** 

•796  ** 

•840  " 

•785  *' 

•766  »* 

•860  " 

•750  »* 


Length,  of  break 

on  Fillet  during 

fall  of  Plate. 


•105  inch. 

•090  ** 

•0976  •' 

•100  '* 

•120  " 

•095  " 

•110  »* 

•120  " 

•100  '* 


Fall  of  Plate. 


1-34  inch. 

1-34  " 

1^34  " 

1-34  " 

1-34  " 

1-34  »' 

1^36  »' 

1-86  »' 

1^36  »' 


Time  of  Expo- 
sure. 


•00211  second. 

•00196  •• 

•00206  *' 

•00208  " 

•0O237  " 

•00202  " 

•00231  ** 

•00228  " 

•00211  »' 


Mean  time  of  exposure ^00214 
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COPY  OF  FILLET  No.  5. 
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The  greatest  departure  in  these  results  from  the  mean  is 
No.  2  being  that  quantity  below,  and  No.  5  that  amount  abo 
mean. 

The  sum  of  the  last  column  of  figures  equals  89 ;  their 
4-33 ;  which  shows  that  they  are  entirely  of  an  arbitrary 
and  if  the  experiments  had  been  extended  would  no  doubt  e 
ally  have  equalled  4*5  ;  we  therefore  reject  the  last  decimal 
and  adopt  for  our  final  result  -0021  of  a  second.  The  time 
posure  was  therefore  almost  exactly  ^J^th  of  a  second! 

5.  The  work  durinj  the  Eclipse, 

As  before  stated,  by  3  P.  M.  of  August  7,  all  was  in  readin 
our  work.  Mr.  Willard  had  used  every  precaution  to  ensu: 
cess  in  the  details  of  photographic  manipulation,  and  the 
which  he  reached  will  show  with  what  judgment  and  skill 
organized  all  the  workings  of  this  department.  The  accompj 
plan  shows  the  position  of  our  party,  and  also  of  Professors 
Gould  and  Young  during  the  eclipse. 

It  was  my  duty  (2  on  plan),  to  keep  the  telescope  in  adjua 
and  to  manipulate  the  apparatus  of  exposure  and  chronog 
registration,  while  Mr.  Willard  (5)  placed  the  plate  in  the  < 
and  gave  me  the  several  times  of  exposure  he  desired  during  t( 
Mr.  H.  C.  Phillips  (7)  coated  the  plates  and  handed  them 
Montfort  (photographer  of  Burlington),  who  carried  them 
Willard,  and  thence  after  exposure  to  Mr.  Mahoney  (8)  who 
oped,  assisted  by  Mr.  Leisenring. 

The  plan  shows  the  exact  dimensions  and  position  of  the 
graphic  rooms,  and  needs  no  description  to  render  it  clear. 

M.  Miles  Rock,  C.  E.,  was  detailed  to  attend  to  the  very  i 
ant  duty  of  calling  and  tapping  the  seconds  on  the  chron( 
fillet ;  in  this  duty  he  was  relieved  by  Mr.  Bonsall,  of  Burli 
Mr.  0.  H.  Kendall  called  out  the  minutes,  at  each  60  second 
Mr.  Rock,  and  wrote  it  on  the  fillet.  He  also  had  charge 
chronograph,  and  started  it  when  I  called  "  clock,"  while 
same  signal,  Mr.  Rock  began  the  registration  of  seconds. 

I  laid  out  the  following  programme  of  work : — 1st.  To  1 
rapid  succession,  beginning  ten  seconds  before  the  compute 
of  first  contact,  a  series  of  five  photographs.  2dly.  One  just 
second  contact,  one  just  after  second  contact,  as  many  as  p< 
during  totality,  one  just  before  the  end  of  totality,  and  anoth 
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after  the  sun  appeared.  Sdly.  To  take  again  a  series  in  rapid  suc- 
cession about  the  end  of  the  eclipse.  4thly,  During  partial  phase 
to  take  a  photograph  every  four  or  Ave  minutes, 

To  accomplish  this,  I  placed  on  a  table  before  me,  a  watch  set  to 
the  face  of  the  chronometer,  whose  indications  we  used  during  the 
eclipse,  and  on  a  slip  of  paper  pasted  to  the  table,  I  wrote  in  very 
black  lead-pencil  the  computed  times  of  1st,  2d,  3d  and  4th  con- 
tacts. These  I  obtained  from  Professor  Coffin.  I  thus  could  give 
Mr.  Willard  due  notice  when  the  plates  should  be  prepared. 

When  the  face  of  the  chronometer  marked  12  h.  48  m.,  Mr.  Rock 
began  to  count  and  register  the  times  on  the  fillet.  Every  one  was 
at  his  post,  the  lanterns  lighted,  and  nothing  could  be  heard  but  the 
count  and  the  tap  of  the  chronograph.  At  12  h.  49  m.  45  s.,  I  took 
the  first  photograph,  and  following  at  intervals  of  11, 10*8, 15-2  and 
12  seconds,  we  secured  five  perfect  photographs.  The  contact  is 
first  visible  on  the  third.  We  now  leisurely  took  photographs  at 
intervals  of  about  four  minutes,  until  we  had  taken  twelve  plates 
in  all.  The  moon's  limb  had  now  advanced  to  about  three  minutes 
of  time  of  the  spot  in  the  S.  W.  quadrant.  Professor  Young,  of 
Dartmouth  College,  who  was  stationed  near  me,  stated  his  intention 
to  signal  as  soon  as  the  umbra  was  bisected  by  the  border  of  the 
moon.  The  plate  was  prepared  and  all  was  ready.  Professor 
Young  signalled,  I  tapped  the  trigger ;  he  remarked,  "  you  must 
have  shot  it  on  the  wing."  The  13th  plate  (No.  15),  shows  the  spot 
as  nearly  cut  in  half  as  I  can  estimate,  by  a  careful  comparison  of 
this  drawing  with  another  of  the  spot,  as  photograped  on  the  pre- 
ceding plate. — (See  Plate  III.) 

About  five  minutes  before  totality,  Mr.  Willard  removed  the 
diaphragm  of  two  inches  aperture,  which  was  used  during  partial 
phase,  and  exposed  the  full  aperture  of  the  object  glass,  while  I 
changed  the  slide  with  '0224  inch  slot  for  the  one  which  admitted 
the  whole  beam  at  once  on  the  plate  of  the  camera. 

The  order  was  given  to  prepare  the  plates.  We  took  the  first 
plate  at  13  h.  51  m.  39*15  s.,  or  7  s.  before  the  time  of  second  con- 
tact, as  observed  by  Professor  Coffin.  I  soon  had  the  slide  reset 
for  another  exposure,  and  as  Mr.  Willard  desired  the  first  plate  of 
totality  to  be  exposed  five  seconds,  I  kept  on  counting  zero,  zero, 
zero,  with  the  taps  of  the  chronograph  when,  striking  the  upper 
trigger  at  zero,  I  counted  1,  2,  3,  4,  5,  when  the  lower  trigger  was 
struck  and  the  plate  removed. 
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Counting  the  first  plate,  taken  seven  seconds  before  second  con- 
tact, I  took  six  photographs  in  2  m.  3  s.  After  the  sixth  was  re- 
moved, I  looked  at  watch  and  saw  50  s.  yet  of  total  phase.  There 
was  a  delay  in  the  plate.  I  grew  impatient.  I  called  plate !  plate ! ! 
bat  alas,  it  was  found  impossible  to  manipulate  more  than  six  plates 
in  two  minutes  and  three  seconds.  We  had  used  up  our  store  too 
rapidly,  and  so  did  not  succeed  in  getting  an  impression  just  before 
the  sun  came  forth.  The  next  plate  was  taken  29*2  seconds  after 
third  contact,  and  is  a  valuable  photograph  of  a  thin  crescent  with 
the  cusps  sharply  cut. 

As  has  already  been  explained,  under  the  head  of  camera,  at  each 
fall  of  the  slide,  the  electric  circuit  was  broken,  and  a  registration 
made  on  the  fillet  alongside  of  Mr.  'Eock's  second  marks  taken  from 
the  chronometer,  and  it  is  evident  that  all  of  these  registrations  are 
vitiated  with  whatever  personal  equation  affected  him  at  that  time. 
This  was  not  determined. 

About  fifteen  minutes  before  totality,  it  became  so  cool  that 
I  was  obliged  to  put  on  my  coat.  A  minute  or  two  before 
totality,  the  sky  grew  ashen,  or  rather  leaden  in  hue,  and  as,  with 
face  turned  towards  the  sun,  I  kept  the  count  from  the  chronometer 
for  the  first  exposure,  Venus  and  Mercury  came  out  shining  beauti- 
fully on  a  ground  of  bluish  grey.  I  thought  I  saw  a  flashing  twirling 
motion  in  the  corona,  or  in  the  last  rays  of  the  sun;  but  of  this  I  will 
not  be  positive,  for  my  attention  was  not,  at  the  time,  specially  directed 
to  minute  observation.  Moths  and  insects  in  profusion  passed 
between  me  and  the  sun,  while  a  flock  of  birds  with  troubled  irregu- 
lar flight  seemed  seeking  cover  from  the  unnatural  gloom  which 
surrounded  them.  A  low  moaning  wind  now  sprung  up,  and  the 
whole  atmosphere  seemed  filled  with  a  leaden  colored  vapor,  and  I 
experienced  an  indescribable  feeling  of  oppression  when — I  tapped 
the  trigger ;  and  from  that  instant  until  the  sun  appeared,  I  had 
nothing  but  an  instrumental  consciousness,  for  I  was  nothing  but 
part  of  the  telescope,  and  all  my  being  was  in  the  work  which  I 
had  to  perform.  I  reset  slide,  made  circuit,  exposed,  and  so  over 
again,  until  the  six  photographs  were  taken,  when  I  had  the  morti- 
fication to  find  fifty  seconds  of  totality,  and  that  no  plate  could 
possibly  be  obtained ;  we  were  too  quick. 

Photographs  were  now  taken  leisurely,  at  intervals  of  about  four 
minutes,  until  14  h.  47  m.  48*4  s.,  when  the  first  of  the  series  for 
the  end  of  the  eclipse  was  secured ;  this  was  followed  by  four  others 
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at  intervals  of  1  m.  16-84:  s.,  29*26  s.,  24-3  s.,  and  21-65  s.  Our  work 
was  finished,  and  in  a  few  seconds  the  eclipse  of  August  7th,  1869, 
was  of  the  past,  but  its  history  we  had  faithfully  recorded  in  forty- 
one  perfect  photographs. 

Such  good  success  as  attended  our  efforts  speaks  for  the  entire 
devotion  of  each  one  to  his  allotted  duties,  Without  this  devotion 
on  the  part  of  each  and  all  we  would  have  failed,  and  the  harmony 
and  efficiency  which  pervaded  our  corps  need  no  other  witness. 

6.  Description  of  the  Photographs  taken. 
We  took  four  photographs  during  the  eclipse.    They  are  all 
good,  but  some  are  superior  to  the  others,  and  these  will  be  desig- 
nated as  I  proceed. 

.  The  plates  were  numbered  with  a  diamond  before  the  work  be- 
gan, and  the  numbers  corresponding  to  those  on  the  plate  are  given 
below,  and  opposite  them  the  times  when  they  were  severally  taken. 
These  times  were  measured  off  from  the  chronograph  fillet,  and 
correspond  to  the  face  of  the  chronometer,  which  marked  Burling- 
ton sideral  time,  with  an  error  of  11  m,  58*3  s.  slow,* 

No.  of  Plato. 

o  


3  , 

4  

6  

6  

8  , 

9  

10  

11   

12  

13  

14  

16  - 

16  

17  

18  

19  w 

20  

21   

22  (5  s.  exposure)  18 

24(6  8.        "        ) 

26  (7  b.        "        )  

23(7  8.         "        ) 

*  1869  August  7.     12  h.  Sid.  T.  -f  11  m.  68-80s.  slow. 
Daily  change -f  ^'^^  s-  loses. 


Time  when  Tuken. 

12  h 

.49  m 

46-26  8 

12 

49 

66- 

12 

60 

6-8 

12 

60 

211 

12 

60 

32-96 

12 

63 

6-3 

12 

66 

8-2 

12 

67 

88-4 

12 

69 

17-6 

18 

2 

181 

13 

7 

23-3 

13 

12 

1927 

18 

16 

14-24 

18 

22 

67-6 

18 

20 

66-6 

13 

32 

680 

13 

87 

41-5 

13 

41 

60-6 

13 

46 

34-1 

18 

61 

89-15 

13 

62 

81 

13 

62 

31-3 

13 

62 

64-5 
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No«  of  PUte.  TinM  whea  Taken. 

26  (7  s.  exposure  )  18  h.  68  m.  12-87  s. 

27(7  8.         «        ) 13      68        42-2 

28  18      66  1-2 

29  18      67        20-6 

30  18      68  6-6 

31  14        2        410 

32  14        7         14-67 

88   14      11        88-6 

84  14  16  69-6 

85  14  28  15 

86   14  29  21-6 

37  14  86  38-6 

88  14      44        88-1 

89  14      47        48-4 

40  14  49  6-24 

41 14  49  24-6 

42   14  49  48-8 

48  14  50  10-86 

All  the  photographs  show  a  beautiful  gradation  of  shade  from 
the  border  of  the  sun  inwards.  This  shading  of  the  source  of  light 
is  due  to  the  absorption  of  the  peripheral  rays  which  necessarily 
pass  through  a  greater  thickness  of  the  dense  solar  atmosphere  than 
those  which  emanate  from  the  central  portion  of  the  disc. 

On  a  more  searching  examination  of  the  relative  intensities  of 
light  of  different  portions  of  the  solar  disc,  we  observe  on  all  of 
these  photographs,  close  to  the  limb  of  the  advancing  or  retreating 
moon,  a  bright  glow  like  that  of  early  dawn,  which  extends  from 
the  moon  to  a  distance  of  about  15'^ 

Thinking  that  this  might  be  subjective  and  due  to  the  strong 
contrast  existing  between  the  bright  image  of  the  sun  and  the  con- 
tiguous black  lunar  disc,  I  made  the  following  experiments. 

I  covered  the  image  of  the  moon  with  a  disc  of  white  paper  of 
its  exact  diameter.  The  plate  was  now  inclined  to  the  light  so  that 
the  sun  and  the  paper  surface  had  as  nearly  as  possible  the  same 
white  tint,  while  the  photograph  was  viewed  against  an  illuminated 
ground  formed  by  a  sheet  of  white  paper,  placed  before  the  window. 
Under  these  circumstances,  the  glow  remained  the  same  in  all  the 
photographs  examined.  Among  others,  plate  No.  11  (which  is  the 
best  photograph  of  partial  phase  in  the  series),  shows  this  glow 
unequivocally. 

Plates  Nos.  21  and  30,  are  excellent  photographs  of  thin  cres- 
cents of  the  sun ;  the  first  taken  5  m.  12  a.  before,  and  the  second 
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3  m.  33-5  s.  after  totality.  This  glow,  if  it  really  exist,  should 
show  in  these  pictures  an  increased  illumination  in  the  points  of 
the  cusps  when  the  light  of  these  portions  of  the  periphery  of  the 
sun  is  compared  with  an  equal  breadth  of  the  sun's  border,  taken 
on  that  portion  of  its  limb  the  farthest  from  the  moon's.  To  make 
this  comparison,  I  covered  with  white  paper  both  the  moon  and 
the  dark  ground  surrounding  the  sun,  and  inclined  the  plates  as  in 
the  above  experiments,  so  as  to  destroy  irradiation  from  juxtaposi- 
tion of  the  light  and  dark  surfaces.  This  method  of  examination 
showed  a  distinct  illumination  in  the  narrowest  portions  of  the 
horns  of  the  crescents. 

No  such  glow  is  seen  on  the  periphery  of  the  sun,  although  this 
is  contiguous  to  the  dark  ground  of  the  plate,  and  on  covering  the 
latter  the  appearance  remains  the  same. 

I  am  therefore  convinced  that  this  glow  really  exists,  and  if  it 
cannot  be  accounted  for  in  node  and  in  measure^  by  diffraction,  it 
must  be  due  to  a  lunar  atmosphere;  though,  I  confess,  I  cannot  un- 
derstand how  an  atmosphere  capable  of  producing  such  marked 
effects,  when  projected  against  the  intensely  lighted  disc  of  the  sun, 
should  have  no  appreciable  refractive  effect  on  small  stars,  and  es- 
pecially on  double  stars,  when  occulted  by  the  moon. 

This  glow  can  be  distinctly  traced  on  plate  No.  11  to  18"  beyond 
the  limb  of  the  moon. 

A  minute  examination  of  these  photographs  reveals  a  coarsely 
granulated  or  mottled  surface  extending  over  the  sun,  and  especi- 
ally well  defined  as  we  near  its  border*  One  is  tempted  at  first  to 
imagine  that  this  is  the  well  known  solar  granulation  observed  in 
the  telescope ;  but  familiarity  with  that  appearance,  as  well  as  the 
reasons  given  below,  soon  decided  me  to  reject  the  idea  that  this 
appearance  on  the  photographs  was  really  an  impression  produced 
by  the  image  of  the  sun's  granulation  on  the  plate. 

First,  the  granulations  are  many  times  larger  than  any  ever  yet 
observed ;  those  on  the  photographs  averaging  7*5"  in  diameter, 
while  those  on  the  sun  average  1",  and  never  exceed  3"  in  diameter; 
2dly,  on  plate  No.  14  the  mottling  is  very  apparent,  and  encloses  a 
space  entirely  free  from  granulation  in  the  N.  E.  quadrant;  no  cor- 
responding vacant  space  occurs  in  any  of  the  other  photographs ; 
3dly,  the  positions  of  these  granulations  are  not  the  same  on  any 
two  plates,  as  I  found  from  very  careful  measurement ;  and  4thly, 
they  are  arranged  in  rows  parallel  to  the  sides  of  the  plates,  thus 
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showing  conclusively  that  they  have  been  produced  in  the  photo- 
graphic manipulation. 

According  to  the  photographs,  sixteen  well  defined  solar  spots 
were  on  the  sun  during  the  time  of  the  eclipse.  In  the  N.  E.  quad- 
rant, close  to  the  sun's  limb,  and  about  90°  E.  of  N.  is  a  remarkably 
beautiful  and  characteristic  spot,  greatly  foreshortened  from  its 
position,  so  that  the  penumbra  has  disappeared  on  the  west  side  of 
the  umbra  against  which  rest  the  large  bright  facute,  which  en- 
close the  spot.  Looking  at  it  through  a  lens,  you  are  immediately 
struck  with  the  idea  of  a  depression  in  the  sun's  surface,  and  you 
cannot  help  remarking  how  like  it  is  in  appearance  to  a  lunar  crater, 
for  you  are  convinced  that  you  look  down  into  it,  while  the  sur- 
rounding bright  facul®  give  a  border  similar  to  the  white  walls  of 
some  of  the  lunar  mountains.  From  the  south-western  portion  of 
this  apparently  elevated  ridge,  a  large  bright  facula  bridges  over 
the  cavity  in  a  north-east  direction,  and  divides  the  spot  into  two 
portions* 

Plates  Nos.  llj  16  and  21  show  this  object  in  perfection* 

In  the  S.  E.  quadrant,  we  see  three  small  and  well  defined  spots, 
and  several  largely  developed  faculee  near  the  sun's  limb* 

In  the  S.  W.  quadrant  is  a  large  and  well-developed  spot,  and 
tiear  it,  to  the  N;,  a  group  of  four  smaller  ones*  This  large  spot 
exhibited  remarkable  changes  during  the  time  of  the  eclipse,  as 
will  be  seen  from  the  drawings  and  measurements  found  under  the 
head  of  "Measurements  on  the  solar  spot  in  the  S.  W.  quad^ 
rant." 

On  close  inspection,  there  is  observed  a  very  white  projection 
from  the  surrounding  bright  surface  of  the  sun,  which  stretches  into 
the  north-western  border  of  the  penumbra  of  this  spot  and  reaches 
nearly  to  its  numbra. 

In  the  N.  W.  quadrant  no  solar  spots  are  visible  on  the  the  pho- 
tographs. About  N.  N.  W.  of  the  intersection  of  the  threads  of 
the  reticule  are  observed  what,  at  first  sight,  we  might  take  for  a 
group  of  spots,  but  they  are  specks  of  dust  on  the  lens  of  the  occular, 
as  they  change  their  place  on  the  disc  with  the  threads,  always 
preserving  the  same  position  in  reference  to  them.  This  test  will 
serve  to  distinguish  other  spots  on  the  photographs,  produced  by 
the  same  cause — as,  for  example,  the  four  spots  on  the  S.  E. 
quadrant. 

Plate  No.  4,  which,  fortunately,  is  one  of  the  best  photographs, 
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was  taken  2*8  seconds  after  first  contact,  as  observed  by  Dr.  Gould. 
It  shows  a  depression  in  the  sun's  limb  at  the  point  of  contact,  and 
from  this  depression  shoots  into  the  sun  a  high  lunar  mountain, 
whose  position,  measured  from  the  S.  point  of  the  cusp,  is  one- 
fourth  of  the  distance  to  the  N.  point  of  the  same.  Mr.  W.  S. 
Gilman,  of  New  York,  who  observed  at  Sioux  City,  Iowa,  informed 
me  that  he  determined  first  contact  by  seeing  this  mountain  peak 
thrust  itself  into  the  limb  of  the  sun  before  a  flattening  took  place 
from  contact  of  the  lower  general  surface  of  the  moon.  This  moun- 
tain shows  itself  on  all  the  photographs  of  the  eastern  limb,  while 
other  peaks  appear  as  the  moon  progresses  over  the  sun.  The  pho- 
tographs show  that  the  eastern  limb  of  the  moon  is  far  more 
mountainous  than  the  western. 

Plates  Nos.  4,  9  and  11,  best  show  the  mountains  on  the  following 
limb;  plates  Nos.  81,  85  and  42,  on  the  preceding  limb. 

The  best  method  of  examining  these  mountains  is  to  cut  with  a 
sharp  knife  a  disc  of  paper  of  the  exact  diameter  of  the  image  of 
the  moon,  and  make  its  circumference  coincide  with  the  general 
level  of  the  moon's  periphery ;  the  lunar  mountains  will  then  appear 
as  black  protuberances  rising  above  the  white  circle  of  the  paperi 

Plates  Nos.  89,  40,  41,  42  and  43,  taken  in  rapid  succession,  as 
the  moon  was  leaving  the  sun's  disc,  previous  to  fourth  contact, 
show  two  prominent  lunar  mountains  on  the  northern  part  of  the 
cusp,  followed  by  a  long  depression  in  the  moon's  limb. 

Five  photographs  were  taken  during  total  eclipse,  and  one  6*85 
seconds  before,  and  one  29 '2  seconds  after  totality.  The  one  (No. 
22)  taken  6*85  seconds  before  the  disappearance  of  the  sun,  shows 
all  the  prominences  of  the  eastern  limb;  but  on  account  of  the  long 
exposure,  the  thin  crescent  of  the  sun  which  then  remained,  caused 
a  blurring  of  the  details.  The  picture  is  a  mixture  of  crescent  and 
protuberances.  The  prominences,  6  and  7,  are  entirely  isolated, 
while  the  intervening  ones  are  enveloped  in  the  light  of  the 
crescent. 

Plate  No.  28,  taken  28*2  seconds  after  totality,  is  the  photograph 
of  a  very  thin  solar  crescent,  whose  cusps  are  sharply  defined 
throughout.  The  northern  horn  is  narrower  than  the  southern, 
which  causes  the  moon's  disc  to  appear  to  depart  from  a  circle 
curve. 

No.  24,  taken  at  18  h.  52  m.  3*1  s.— that  is,  171  seconds  after 
totality,  shows  the  full  development  of  the  prominences  on  the 
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eastern  limb,  while  on  the  western  only  the  top  of  the  large  south- 
ern protuberance  (No.  8)  is  visible,  and  a  slight  glow  appears  on 
the  N.  W.  and  S.  W.  border. 

Nos.  25,  23,  26  and  27,  taken  respectively  45*3  seconds,  1  m.  8  s., 
1  m.  26-37  s.,  and  1  m.  56*2  s.  after  the  disappearance  of  the  sun, 
show  the  advance  of  the  moon  westward,  and  the  gradual  appear- 
ance of  the  prominences  and  glow  on  the  western  limb,  while  those 
on  the  eastern  are  being  gradually  cut  ofiF  from  view. 

In  No.  25,  protuberance  No.  8  is  yet  alone  visible,  while  the  glow 
appears  along  all  the  western  border  of  the  moon.  Protuberances 
1  and  2  are  covered  by  the  moon. 

In  No.  23,  the  glow  on  the  western  limb  is  about  equal  to  that  on 
the  eastern.  The  tops  of  protuberances  10  and  11  are  just  visible, 
while  7  is  just  fading  from  sight. 

In  plate  26,  on  the  western  limb,  prominence  Nos.  9  and  12  have 
not  yet  come  into  view;  No.  8  has  already  taken  the  form  of  the 
albatross  head;  No.  10  only  appears  like  a  grain  of  rice  set  on  end; 
while  No.  11  resembles  two  such  grains  standing  on  end  near  each 
other.     The  glow  is  now  greatest  on  the  western  limb. 

In  plate  No.- 27,  taken  40  seconds  before  the  sun  came  forth,  we 
see  No.  8  as  a  fully  developed  albatross  head  with  bill  and  throat 
close  to  the  moon's  border. 

The  small  protuberance  No.  9  now  comes  in  view,  and  No.  10  as- 
sumes the  shape  of  a  caterpillar ;  11  appears  as  a  grain  of  wheat 
with  a  groove  around  its  middle,  and  No.  12  comes  in  sight.  On 
the  moon's  eastern  border  a  mere  trace  of  6  appears,  while  4  ex* 
ectly  resembles  a  bird  sailing  close  to  the  surface  of  the  moon.  The 
group  of  protuberances,  No.  5,  which  formerly  appeared  high  above 
the  body  of  the  moon,  floating  in  cloud,  now  rest  upon  its  border* 

This  sketch  will,  I  hope,  give  a  general  idea  of  the  development 
and  disappearance  of  the  several  flames,  and  show  how  rapid  was 
the  shifting  of  scenes  during  totality.  All  the  changes  I  have 
described  took  place  in  1  minute  and  89*1  seconds,  the  time  in 
whicb  the  five  photographs  were  taken. 

The  accompanying  diagram  has  been  very  carefully  drawn  from 
the  results  of  measurements  and  calculations  on  the  position-angles 
of  the  prominences. 

I  wish  it  to  be  understood  that  all  of  the  measurements  on  the 
photographs  given  in  this  preliminary  report  were  made  on  copies 
on  glass,  and  not  on  the  original  negatides  ;  also,  that  no  microme- 
VoL,  LVIII.— Thipd  Skribs.— No.  4.— Octobbr,  18C9.  34 
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trie  apparatus  was  used,  but  only  an  aeeurate  seale  divided  into 
half  millimetres,  the  readings  on  which  were  made  with  a  lens. 
These  numerical  results  (except  those  of  the  position-angles  and 
heights  of  the  protuberances)  are  therefore  only  approximative,  and 
the  numbers  to  be  used  in  a  thorough  discussion  of  the  eclipse  will 
be  given  as  soon  as  accurate  micrometric  measurements  can  be  made 
on  the  original  negatives. 

The  protuberances  are  designated  by  numbers,  from  1  to  12, 
going  from  N.  through  E.  to  N.  The  position-angles  and  heights 
are  tabulated  under  the  head  of  "  Results." 

The  drawing  and  measurements  of  the  prominences  on  the  E. 
limb  of  the  sun  are  from  the  first  photograph  taken,  while  those 
on  the  W.  are  from  the  last  picture  obtained.  The  diagram  there- 
fore shows  the  greatest  visible  development  of  these  objects  on  the 
eastern  limb,  and  those  on  the  western  are  as  they  appeared  40 
seconds  before  the  end  of  totality. 

Proceeding  from  the  N.  by  the  E.  we  perceive  a  glow  of  light 
which  begins  a  little  E*  of  N.,  and  extends  nearly  to-  the  S.  point. 
This  luminous  fringe  to  the  photograph  (represented  on  the  diagram 
by  the  irregular  dotted  line)  reaches  its  maximum  height  about 
midway  between  prominences  2  and  4,  there  attaining  an  elevation 
of  2'  15".  Another  maximum  of  altitude  occurs  a  few  degrees  S. 
of  No.  5,  where  it  has  the  same  height.  In  the  midst  of  this  bright 
glow  and  near  its  greatest  height  appears  at  3  and  5  detached  sheets 
of  bright  flame  floating  above  the  lower  mass  of  the  conflagration. 
The  bases  of  the  other  protuberances  are  on  the  periphery  of  the 
moon,  and  all  except  No.  4  rest  below  the  general  circle  of  the  moon^s 
border.  This  appearance  is  partially  explained  by  the  fact  that  the 
telescope  follows  the  motion  of  the  protuberances,  while  the  moon, 
therefore,  has  the  difference  of  angular  velocity  between  it  and  the 
sun.  At  the  instant  of  exposure  the  portion  of  the  prominence 
resting  against  the  moon's  limb  is  photographed;  but,  as  the  moon 
moves  eastward  during  all  the  time  of  exposure,  the  prominence 
will  appear  as  a  depression  in  the  moon^s  limb,  for  the  latter  has 
moved  to  a  higher  portion  of  an  eastern  prominence,  and  to  a  lower 
portion  of  a  western,  by  the  time  the  exposure  is  ended. 

From  the  relative  motion  above  referred  to,  it  must  necessarily 
follow  that  the  border  of  the  moon  will  not  be  well  defined ;  but 
the  eastern  one  will  be  more  sharply  cut  than  the  western.  All  of 
the  photographs  of  totality  show  this  distinctly. 
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On  plate  No.  26,  the  apparent  depression  of  prominence  11  is  nearly 
all  due  to  its  being  in  the  hazy  limb;  its  base  resting  in  a  very  slight 
depression. 

The  amount  of  depression  of  the  prominences  I  have  accurately 
represented  in  the  accompanying  diagram. 

Proceeding  from  the  north  point  to  the  east,  we  first  meet  with 
prominence  No.  1,  having  the  position-angle  of  about  56^  30'.  It  is 
of  the  shape  of  a  rice  grain,  with  its  base  but  slightly  below  the 
circumference  of  the  moon.  In  breadth  it  is  2°  50'  and  in  height 
22".  As  V  on  the  circumference  of  the  sun  equals  124  miles  and 
1"  of  arc  at  the  sun's  distance,  on  August  7th,  subtends  449  miles, 
it  follows  that  its  actual  dimensions  are  21,000  miles  long,  and  9,900 
miles  high. 

Protuberance  No.  2  lies  imbedded  in  the  moon's  border,  and  has 
in  form  the  appearance  of  a  short,  deeply  articulated  worm.  Its 
mean  position  is  69®  17';  its  length  6°  17',  or  46,700  miles,  and  its 
greatest  height  equals  22"  or  9,900  miles. 

Between  protuberances  Nos.  2  and  3,  are  two  flames  in  the  midst 
of  the  glow  previously  described ;  one,  near  to  No.  2,  the  other 
quite  close  to  No.  3.  Midway  between  Nos.  2  and  3  rises  the  dif- 
fused light  to  an  elevation  of  2'  15"  or  60,500  miles.  The  position 
of  protuberance  3  is  87°  15'  and  it  rises  to  a  height  of  1'  15"  or 
83,600  miles.  * 

We  now  come  to  that  curiously  formed  protuberance  No.  4. 
Some  have  compared  it  to  an  ear  of  com,  but  on  the  photographs 
it  appears  like  an  eagle,  with  outspread  wings,  resting  on  the  trunk 
of  a  tree,  which  leans  towards  the  north.  On  plate  27,  where  the 
tree  stump  is  cut  off  by  the  advancing  moon,  the  resemblance  to  an 
eagle  on  the  wing  is  perfect. 

The  form  of  this  object  indicates  instability,  and  impresses  one 
with  the  idea  that  it  is  a  great  travelling  whirl  of  flame,  the  direc- 
tion of  whose  rotation — as  indicated  by  the  position  of  "the  wings" 
and  the  projection  of  one  on  the  other — is  retrograde  or  in  the  same 
direction  as  the  motion  of  the  hands  of  a  watch.  I  have  examined 
with  care  the  successive  photographs  of  it,  and  although  at  first  I 
thought  that  the  last  impression  differed  from  those  preceding,  in 
that  the  wings  had  become  longer  and  more  in  a  line  with  each 
other,  yet,  on  subsequent  examination,  I  could  not  really  decide  that 
a  perceptible  motion  had  taken  place  during  the  time  of  totality. 

The  position-angle  of  the  north  side  of  the  base  of  this  object  is 
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96°  26';  its  height  is  1'  22"  or  36,700  miles,  and  the  spread  of  the 
wings,  as  measured  on  plate  27,  is  9®  31',  or  70,800  miles. 

Protuberance  No.  5  reaches  from  b  to  an  ill  defined  point  beyond 
c  of  the  diagram  ;  it  is  of  very  irregular  outline,  and  shows  por- 
tions of  its  substance  detached  from  the  general  mass,  and  floating 
freely  above  it.  The  most  elevated  and  bright  of  these  detached 
flames  float  at  a  height  of  at  least  20,000  miles  above  the  surface 
of  the  sun. 

Beyond  the  point  c,  a  white  nebulous  cloud  rises  to  the  elevation 
of  2'  15"  or  60,500  miles. 

Protuberance  No;  6  of  the  diagram  has  a  mean  position  of  148° ; 
its  length  is  3°  5'  or  22,900  miles,  its  height  is  45"  or  20,000  miles* 

The  position  of  the  centre  of  No.  7,  shaped  like  a  grain  of  wheat, 
is  159°  22';  its  length  6°  13',  equal  to  88,800  miles,  its  height  37" 
or  16,600  miles. 

We  now  pass  to  the  western  limb  of  the  sun,  and  meet  with  the 
remarkably  large  and  massive  protuberance  No.  8*  It  is  shaped 
like  an  albatross  head,  with  the  beak  and  under  side  of  the  head 
resting  on  the  limb  of  the  moon.  On  a  photograph  taken  at  Ottumwa, 
Iowa,  just  before  the  sun  came  out,  this  protuberance  had  the  exact 
appearance  of  an  albatross  head,  with  the  beak  open,  holding  a  rounded 
mass  between  the  extremity  of  the  jaws.  It  lies  between  the  posi- 
tion-angles  of  230°  13'  and  245°  46' ;  itS  length  is  15°  33',  or  115,700 
miles,  and  its  greatest  height  is  75"  or  33,600  miles. 

The  small  prominence.  No,  9,  has  a  position  of  273°  27'. 

Protuberance  No.  10  bears  the  most  striking  resemblance  to  a 
caterpillar.  Its  mean  position  is  287°  33',  and  it  extends  through  an 
angle  of  11°  or  81,800  miles.  Its  maximum  elevation,  which  is  at 
the  head  of  "the  caterpillar,"  is  52"  or  23,300  miles.  Out  of  the 
head  issue  two  horns ;  the  one  nearest  the  front  being  the  higher 
of  the  two,  and  is  terminated  with  a  knob  or  ball,  from  which  curves 
a  broken  line  of  light  to  the  border  of  the  moon* 

The  centre  of  prominence,  No.  11,  has  a  position  of  318°  33'  and 
its  extent  is  5°  18'  or  37,400  miles,  with  an  elevation  of  44"  or 
20,100  miles.  It  has  the  shape  of  a  grain  of  rice,  slightly  con- 
stricted in  the  middle. 

The  small  protuberance.  No.  12*  has  a  mean  position  of  848°* 
Its  length  is  1°  51',  or  13,800  miles,  and  its  greatest  height  is  15" 
or  6,700  miles. 
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The  faintly  (Jotted  circle,  inside  the  circumference  of  the  moon, 
shows  the  relative  diameter  and  position  of  the  sun  at  the  middle 
of  total  eclipse.  The  scale  on  which  the  diagram  is  mq.de  fj^ils  to 
show  want  of  coincidence  of  the  centres  of  these  circles.  The  ^rrow 
marks  the  points  of  contact,  and  shows  the  direction  of  the  motion 
of  the  moon. 

7.  Besults. 

Under  this  head,  I'give  a  few  approximi^te  results  deduced  fron^ 
measurements  qi^  the  glass  positives ;  it  being  useless  to  attempt 
more  until  an  accurate  n^icron^etric  apparatus  is  brought  to  bear 
on  the  original  negatives. 

(a.)  The  time  of  first  contact. 

This  determination  was  made  by  taking  the  mean  of  several 
measures  of  diameters  of  the  sun's  image  on  one  of  the  plates,  and 
from  the  known  angle  subtended  by  the  moon  deducing  its  diameter 
in  the  same  unit  of  length ;  then  the  chord  of  the  cusp  was  meas- 
ured, and  from  these  data  the  distances  of  the  chord  from  the  limbs 
of  the  sun  and  moon  (or  the  versed  sines,)  were  calculated. 

From  the  known  hourly  motion  of  the  moon  (allowance  being 
made  for  parallax),  we  obtain  the  time  of  first  contact. 

It  is  evident  that  if  this  measure  be  accurately  made  on  the  nega- 
tives, and  the  effect  of  refraction  be  also  taken  into  account,  we 
have  precise  data  for  determining  the  corrections  necessary  to  be 
applied  to  the  elements  of  the  eclipse. 

The  time  of  first  contact  thus  deduced  from  two  plates,  gave  12  h. 
50  m.  2-94  s.,  which  is  1*1  second  before  contact,  as  observed  by 
Professor  Coffin,  and  0*1  second  before  Dr.  Gould's  observation. 
From  measures  on  another  plate  (No.  5)  we  deduced  12  h.  49  m. 
59  s.,  which  is  4  s.  before  contact,  as  observed  by  Dr.  Gould,  and 
1%  of  a  second  after  contact,  as  determined  by  Prof.  Young  with  his 
new  spectroscopic  method  of  observation. 

(i.)  Position-angles  of  first  and  fourth  contacts. 

These  position-angles  we  determined  on  plates  8  and  41,  from  the 
following  measures. 

Plate  No.  8.  Eadius  of  sun  =  31'4.  Length  of  J  chord  from  N. 
point  to  point  of  contact  =  18*25. 

1^=  .5793  =  sin.  85°  24';  X  2=70°  48' 
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Hence  angle  of  first  contact  is  —  70°  48'  or  +  289°  12' 
Computed  angle      -     -     -    =  —  71^ 


|o 


Difference —  0°12' 

Plate  No.  41.  Radius  of  sun  =  30-835.  Length  of  i  chord  from 
S.  point  to  point  of  fourth  contact  =  18. 

?P'^-f^=  .5837  =  sin.  35°  43';  X2  =  71°  26'  . 
io 

Position-angle  of  fourth  contacts  108°  34' 

Computed  angle     -     -     -     -     « 108°    0' 

Difference =  +  0°  34' 

The  points  where  the  inner  dotted  circle  of  the  diagram  is  cut  by 
the  arrow,  shows  the  positions  of  contact  as  determined  from  the 
photographs. 

(c.)  Position-angles  and  heights  of  the  protuberances. 

The  determinations  of  the  position-angles  and  heights  of  the  pro- 
tuberances on  the  eastern  limb  of  the  moon  are  derived  from  mea- 
sures on  plate  No.  24,  the  first  taken  during  totality,  and  those  on 
the  western  limb,  from  No.  27,  the  last  plate  of  totality. 

The  measures  were  made  in  the  following  manner:  On  plate  24, 
only  the  reticule  line  on  the  eastern  border  is  visible;  but  on  plate 
No.  25,  taken  28*2  seconds  after,  both  eastern  and  western  lines  are 
sharply  cut;  and  prominence  No.  6  is  nearly  as  fully  developed  on 
this  plate  as  on  that  just  preceding.  I  therefore  obtained  the  exact 
angle  of  position  of  the  south  side  of  prominence  6,  on  plate  25 ; 
then,  from  this  position,  as  point  of  origin  of  chords  on  plate  24^  I 
determined  the  positions  of  prominences  4, 5,  and  7.  As  the  chords 
drawn  from  the  south  side  of  prominence  6  to  protuberances  1,  2 
and  3,  were  too  long  to  give  accurate  determinations  from  their 
measures,  I  fixed  the  position  of  these  prominences  from  measures 
made  from  the  north  side  (point  B.)  of  protuberance  No.  5,  pre- 
viously determined  by  reference  to  the  south  side  of  prominence 
No.  6. 

On  plate  No.  27,  the  reticule  line  on  both  eastern  and  western  limb 
is  distinctly  photographed,  and  so  this  plate  was  alone  used  in 
determining  the  positions  of  the  western  protuberances. 

The  measurements  were  made  on  glass  positives,  taken  directly 
from  the  original  negatives  by  means  of  an  orthoscopic  lens,  which 
enlarged  the  moon's  image  to  a  diameter  of  2*47  inches.    The 
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plates,  flrinly  held  by  a  wooden  clamp,  were  supported  about  six 
inches  abore  a  board  covered  with  white  paper,  and  placed  before 
a  large  north  window.  Sometimes  the  plates  were  parallel  to  the 
board,  at  others  inclined,  with  the  angle  opening  towards  the  win- 
dow. This,  I  found,  was  the  best  illumination  with  which  to  exa- 
mine the  details  of  the  photographs  and  to  make  measurements 
thereon.  The  legs  of  finely-pointed  dividers  were  clamped  to  the 
proper  opening,  and  with  this  radius  arcs  were  struck,  (cutting 
through  the  dark  film  of  the  photograph  to  the  glass  below,) 
having  as  their  centres  the  points  on  the  moon's  border  cut  by  the 
declination  line  of  the  reticule.  Through  the  intersections  of  these 
arcs,  a  line  was  carefully  drawn,  which  gave  the  diameter  of  the 
moon's  disc  which  joined  the  N.  and  S.  points  of  its  periphery. 
Chords  were  now  measured  from  the  N.  and  S.  sides  of  each  pro- 
tuberance to  either  the  N.  or  S.  points  of  position,  according  as  the 
protuberance  was  in  the  N.  or  S.  semicircle.  Half  of  a  chord 
being  the  sine  of  half  the  angle  required,  we  can — having  pre- 
viously obtained  the  moon's  radius— deduce  therefrom  the  positiour 
angle. 

These  measures  have  been  made  with  the  greatest  care,  and  can, 
I  think,  be  relied  upon  as  accurate  determinations.  We  do  not 
think  that,  in  this  case,  subsequent  micrometric  measures  will  add 
to  their  precision,  for,  from  the  difficulty  of  defining  the  exact 
boundary  of  the  moon,  (especially  on  plate  No.  24,)  the  accuracy  of 
the  determinination  of  radii  will  not  be  increased  by  attempting  a 
micrometric  measure  of  what  we  cannot  see. 

In  the  measurements  a  finely-divided  millimetre  scale  was  used, 
and  the  readings  were  made  through  a  lens  magnifying  eight  diameters. 

The  adopted  radius  of  the  moon,  on  each  plate,  is  derived  from 
the  measures  of  four  diameters,  inclined  45°  to  each  other.  Every 
chord  used  is  the  mean  of  three  measurements. 

The  measures,  in  millimetres,  serving  as  data  for  the  position,  are 
as  follows : — 

Plate  No,  29 — second  of  Totality. 

\o.  of  Measu re.  Diameter  of  Mood. 

1  66-4 

2  660 

3 66  2 

4  66-2 

Mean  diameter 66-2  R  =  331 

From  S.  point  to  S.  side  of  prominence  No.  6 ^^17-4 

Length  (measured  on  plate  24)     **  **    -—   1-8 
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Plate  No.  2^— first  of  Totality. 

No.  of  Mauure.  Diameter  of  Mooq. 

1  66-3 

2 661 

3 66-25 

4  ^ 66-8 


Mean .' 66-24        Rrr.3311 

S.  side  of  prominence  6  to  N.  side  of  prominence  7  ~    4-2 
'*  li  ««       y,     ((  II  7  __    ^.2 

*«  ••  "  N.  »*  (point  B)  **  6  =  27 -U 

**  "  "  8.  •*  (point  C) "  b  =  17'65 

**  •«  N.  "of  base  of  •*  4  :_  29-6 

4i  n  a  S^  ««         {(  i«  4  --_  38.y5 

N.  side  (B)  '♦  5  totipof  S.  wingof**oaglo"  4  =      -7 

«*  ••  «<  «*         «•    N.        ♦*        *•        4  ==    6'2 

**  "  **  **  to  centre  of  prominence     3=    8*15 

<•  ••  »*  **  S.  side  of  "  2  ^  16-6 

(4  «(  «  ««  N.   ««  "  2  —  20  0 

«  (4  «i  If  s,     4(  4<  1  ^^  24-6 

It  (4  a  it  jq-,       4C  14  1    _  o(5.Q 

Pfo^e  iVb.  27— the  last  of  Totality/. 

No.  of  Ucnsure.  Diameter  of  Mood. 

1  661 

2 66-9 

3 65-76 

4  65  9 


Mean 65-94        R  =  32  97 

S.  point  to  S.  side  of  prominence    8  =  28-5 

**  N.  "  "  8  =  35-8 

N.     '*  centre  "  9  =  45-2 

**  S.  Bide  *•  10  =  41-4 

*'  N.  *•  *'  10  =  36-3 

♦*  S.    "  ••  11  =-24-76 

•*  N.  "  »*  12  =  10-26 

"  S.    '*  "  12  =    9-2 

Table  of  the  position-angles  and  heights  of  the  Prominences. 

No.  Prominenoe.  Poaltlon-aDglea.  Height. 

1  65«    9^to67<>69^  22^^ 

2  66°  14'  to  72®  2V 22^' 

8 87<»  16' 75'' 

4(ba8eof) 96<>  25' to  98«    4' 82" 

4  (tip  of  N.  wine) 90«  39' 

4  (tip  of  S.  wing) 100°  10' 

6 101®  23' to  118<>  36' 186"  (nebulous  cloud.) 

6  146®  25'  to  149®  30' 46" 

7  156®  46'  to  161®  59'   37" 

8 280®  18'  to  245®  46'  75" 

9 273®  27' 

10 282®  13'  to  298®  12'  52" 

11 315®  64'  to  821®  12'  44" 

12 842®    7'  to  348®  58' 15" 
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Plate  42. 
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»'  to  30"  40*  SO*         60 

on  drawings  ^027   inch, 
'an  the  Sun    =  449    miles. 
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As  the  moon  glides  over  the  solar  disc,  the  angle  of  position  of 
any  protuberance,  referred  to  the  disc  of  the  moon,  is  constantly 
changing,  and  the  amount  of  displacement  depends  on  its  position 
in  reference  to  the  line  of  the  moon's  motion. 

The  position-angle  of  the  S.  side  of  prominence  6  was  first  de- 
termined  on  plate  No.  25,  and  this  point,  thus  determined,  was 
taken  as  origin  of  chords  on  plate  No.  24,  taken  28'2  seconds 
before;  but  I  find  by  computation,  that  the  position-angfc  of  the  S. 
side  of  prominence  6,  on  plate  24,  is  32'  32"  N.  of  what  it  is  on 
plate  25 ;  assuming,  in  the  computation,  that  the  prominence  is  stable 
in  form  and  position  on  the  sun's  circumference.  Therefore,  it  fol- 
lows, that  the  position-angles  of  prominences  1,  2,  3,  4,  5,  6  and  7, 
as  given  in  the  above  table,  should  be  diminished  by  32'*5  to  make, 
them  correspond  to  the  position-angles  they  had  at  the  time  plate 
No.  24  was  taken. 

(c?.)  Measurements  on  the  solar  spot  in  the  S.  W.  quadrant. 

The  drawings  marked  "Plate  4"  and  "Plate  41,"  were  made  with 
a  camera  lucida,  the  spots  being  magnified  under  the  microscope  to 
exactly  21  diameters.  They  show  better  than  can  be  described  the 
changes  which  took  place  in  the  dimension  and  form  of  this  spot  in 
the  interval  between  the  times  of  12  h.  50  m.  5'8  s.  and  14  h.  49  m. 
48'8  s.  Through  each  spot  two  lines  are  drawn,  in  the  directions  of 
the  minimum  and  maximum  diameters  of  the  spot  on  plate  42.  The 
lines  on  4  are  respectively  parallel  to  those  on  42,  thus  having  the 
same  position-angles. 

On  plate  4  we  see  umbra  and  penumbra  of  a  general  circular 
outline ;  the  intensely  bright  projection  into  the  margin  of  the  pe- 
numbra is  shown  in  the  depression  in  the  north-west  border.  The 
breadth  of  the  umbra  in  the  direction  of  the  north-easterly  and 
south-westerly  line  is  14-2",  which  equals,  at  the  distiince  of  sun 
on  the  7th  of  August,  6,375  miles.  Its  width  in  the  north-westerly 
and  south-easterly  line  is  15*5"  or  6,960  miles. 

Plate  42  shows  the  change  of  dimension  and  of  form  which  took 
place  in  1  h.  59  m.  33  s.  The  circular  outlines  of  umbra  and  pe- 
numbra having  changed  to  elliptical  boundaries,  the  direction  of 
the  longer  axis  being  north-west  and  south-east.  The  umbra  has 
widened  in  this  direction  4",  or  1,796  miles,  and  has,  in  the  trans- 
verse direction,  narrowed  its  breadth  5*25"  or  2,357  miles,  while 
the  outward  projections  of  the  umbra  (which  can  be  identified  in 
plate  4),  have  become  greatly  lengthened. 
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The  breadth  of  the  umbra  in  north-east  and  south-west  direction 
is  9'6"  or  4,310  miles;  in  the  north-west  and  south-east  line  it  is 
19-6"  or  8,800. 

After  the  drawings  had  been  made  with  the  camera-lucida,  a 
micrometer  plate  was  placed  under  the  microscope  without  derang- 
ing the  instrument,  and  the  magnified  image  of  hundredths  of  inches 
on  the  plate  were  marked  on  the  drawings.  This  gave  directly  the 
value  of  th^  magnifying  power  used,  and  by  computation,  the  value  on 
the  drawing,  in  fraction  of  an  inch,  of  1"  on  the  sun's  disc. 

8.  Observations  on  the  application  of  photography  to  the  determination 
of  the  times  of  contacts  during  the  transits  of  Venus  in  1874  and  1882. 

We  here  venture  a  few  remarks,  showing  the  peculiar  value  of 
photography  in  the  observations  of  the  transits  of  Venus. 

It  has  been  shown  that  the  sun's  image  was  photographed  on  the 
camera  plate  with  an  exposure  of  only  y  J^th  of  a  second ;  and  the 
duration  of  exposure  for  any  other  instrument  can  be  determined 
with  as  great  precision  by  the  method  which  I  employed. 

The  instant  the  mechanical  movement  exposes  the  plate,  it  also 
records  the  time  of  that  exposure  on  a  chronograph  connected  with 
a  break-circuit  clock,  and  thus  we  have  an  accurately  delineated 
figure  of  the  transit  corresponding  to  a  time  marked  on  the  face  of 
the  clock  employed  ;  and  this  correspondence  of  figure  and  time  is 
unaffected  with  personal  equation  either  of  sight  or  of  hearing. 
Now  if  the  error  and  rate  of  the  clock  can  be  entirely  freed  from 
the  personal  equation  of  the  observer  who  determined  them,  and  if 
the  longitude  of  the  station  be  found  by  the  coincidences  of  the  beats 
of  a  sidereal  clock  with  those  of  a  break-circuit  mean  solar  clock 
placed  at  the  observatory  of  the  first  meridian,  we  have  the  most 
accurate  means  of  obtaining  the  absolute  times  of  contacts  at  the 
station  of  observation. 

Thus  we  see  how  applicable  will  be  photography  to  these  obser- 
vations ;  for  the  data  of  the  solar  parallax  will  be  given  either  by 
observing  the  absolute  time  of  the  ingress  or  of  the  egress  (which 
method  is  alone  of  value  in  the  transit  of  1874),  or  by  determining 
the  duration  of  the  transit  of  Venus  over  the  solar  disc.  The  pho- 
tographs are  permanent  phenomena  on  which  we  can  repeat  our 
measures  at  leisure,  with  every  appliance  of  precision,  while  it  is 
impossible  to  attain  a  similar  degree  with  eye  and  ear,  from  the 
difficulty  of  micrometically  measuring  at  a  precise  instant  the  dis- 
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tance  of  Venus  from  the  sun's  limb,  and  from  the  (recorded)  dis- 
tortions of  Venus  at  contacts. 

It  will  also  be  of  great  value  to  have  a  photographic  record  of 
the  appearance  of  Venus  at  the  contacts,  for,  if  the  disc  of  the  planet 
then  should  appear  on  the  plate  to  depart  from  a  circle  and  have 
attachments  to  the  sun's  limb,  these  distortions  can  be  measured 
and  allowed  for. 

An  idea  may  be  formed  of  the  apparent  size  of  Venus  during  its 
transit  of  the  sun's  disc,  from  the  fact  that  the  umbra  of  the  solar 
spot  in  the  south-west  quadrant  is  15"  in  diameter,  and  that  Venus 
at  transit  will  subtend  an  angle  of  about  70" ;  so  that  the  planet 
would  appear  on  the  plate  as  a  disc  4f  times  the  diameter  of  this 
spot,  or,  as  a  disc  of  '107  inch  diameter  on  an  image  of  the  sun  of 
3  inches  in  diameter. 

The  negatives  of  these  photographs  I  find  from  trial  will  stand 
a  magnifying  power  of  50  under  the  micrometer, 'and  as  1"  of  arc 
will  equal  7  J^th  inch  on  a  solar  image  of  3  inches  diameter,  we 
can,  with  the  above  mentioned  power,  divide  a  second  into  ten 
parts.  This  supposes,  however,  that  the  bisection  by  the  micro- 
meter thread  is  on  a  perfectly  well  defined  point,  and  this  does  not 
exist  in  the  outlines  of  any  photograph,  and  especially  is  the  limb 
of  the  sun  indistinct  on  account  of  its  shading,  and  of  the  manner 
in  which  the  silver  is  deposited  in  the  collodion  film. 

From  actual  experience  in  measurements  under  the  micrometer, 
I  find  that  we  cannot,  as  yet,  hope  to  make  a  bisection  on  the  sun's 
limb  closer  than  J  of  a  second.  On  the  boundary  of  the  umbra  of 
a  well  defined  solar  spot,  wo  can  read  to  J  of  a  second,  and  from 
this  I  should  think,  that  -^j^  of  a  second  might  probably  be  attained 
as  the  limit  in  a  reading  on  the  limb  of  the  image  of  Venus. 

But  with  measures  as  close  as  these,  and  the  tables  of  Venus 
brought  to  the  accuracy  which  existing  unreduced  observations  can 
give,  we  may  reasonably  hope  for  a  determination  of  the  solar 
parallax  comporting  with  the  most  exact  astronomical  measures  of 
this  century. 

Tho  Lehigh  University,  Pa.,  7th  September,  186£. 
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SOLAR  ECLIPSE  OF  AUGUST  7,  1869. 

RxFoitT  OF  Pro?.  Chablks  F.  Himes,  Pn.p. 
Prof,  Morion: — 

Dear  Sir, — According  to  request,  I  make  the  following  report  of 
the  section  of  the  Photographic  Corps  organized  by  you  and  sta- 
tioned at  Ottumwa,  Iowa,  consisting  of  J.  Zentmayer,  J.  C.  Browne, 
E.  Moelling,  W.  J.  Baker,  and  myself. 

The  point  of  observation  was  finely  located  on  a  hill  about  a 
mile  north-east  of  the  city,  in  latitude  41°  2',  longitude  92°  23'  West 
of  Greenwich,  according  to  determinations  of  Professor  Alexander, 
who  happened  to  be  located  at  the  same  place  for  astronomical 
observations. 

On  our  arrival  on  Wednesday  evening  preceding  the  7th,  we 
found  a  very  convenient  shelter  shed,  with  sliding  roof  and  photo- 
graphic room,  erected  under  instructions  from  Professor  Coffin. 

The  telescope  was  set  next  day  upon  a  cross  of  timber  firmly  let 
in  the  earth.  The  clock  work,  not  of  very  superior  construction, 
was  found  to  have  become  deranged  by  carriage,  but  fortunately 
the  skill  and  experience  of  Mr.  Zentmayer  were  available,  and  it 
was  put  in  as  good  running  order  by  him  as  it  was  susceptible  of, 
otherwise  we  would  have  lost  the  opportunity  for  taking  the  totality 
negatives  with  a  length  of  exposure  sufficient  to  give  the  amount 
of  detail  and  corona  we  obtained.  It  was  deemed  advisable,  how- 
ever, that  Mr.  Moelling  should  pay  exclusive  attention  to  the  clock 
during  the  progress  of  the  eclipse,  in  order  to  detect  and  correct 
any  irregularity  that  might  occur. 

In  the  absence  of  any  assistance  from  an  astronomical  party,  the 
adjustment  of  the  instrument  and  of  the  reticule  for  determin- 
ing angles  of  position  was  mainly  accomplished  by  Mr.  Zentmayer, 
in  a  very  satisfactory  manner,  in  spite  of  the  unfavorable  weather 
preceding  the  evening  of  the  6th. 

The  morning  of  the  7th  found  the  sky  overcast,  but  gradually 
with  a  dry  wind  from  the  east,  the  clouds  gave  way,  until  at  noon, 
not  a  trace  of  cloud  or  haze  was  to  be  seen.  These  few  hours  were 
improved  by  determining  the  actinic  focus  with  great  accuracy. 

I  placed  the  chronograph,  a  make-circuit  one  with  two  pens,  in 
position,  having  connected  one  pen  with  the  camera  to  register  the 
exposure  of  the  plates,  and  the  other  with  a  key  upon  which  the 
seconds  were  to  be  tapped  from  a  chronometer;  but  whilst  it  was 
found  to  act  satisfactorily,  having  cause  to  fear  that,  by  reason  of  the 
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fact  that  for  want  of  sufficient  force  it  had  to  Ik 
unteer  parties,  it  might  become  deranged  at  a 
did  not  deem  it  advisable  to  trust  our  record  to  i 
diately  before  the  beginning  of  the  eclipse,  dete: 
record  of  the  times  from  a  chronometer  kindly 
posal  by  Professor  Alexander,  the  correction  for  ^ 
him,  will  be  found  with  the  annexed  schedule  of 
it  very  easy  to  note  the  fraction  of  a  second  I 
exposure  slide,  warning  having  been  given  me  l 
trigger.  T  send  this  record  because  that  made  I 
is  not  complete,  and,  perhaps,  not  reliable,  as  fai 
instrument  became  deranged  during  the  progres 
did  not  find  leisure,  at  the  time,  to  examine  and 
I  regarded  the  schedule  of  negatives  complete  i 
liberty  to  place  it  in  the  hands  of  Prof.  Alexanc 
request,  as  he  desired  to  examine  it  for  the  recc 
astronomical  observations  which  he  had  made  u 
the  key  of  the  seconds-tapper. 

The  photographic  preparation  was  exclusi 
Messrs.  Browne  and  Baker,  and  the  negatives  c 
tographically  perfect.  A  statement  by  them  of 
dion,  solutions,  &c.,  will  doubtless  be  made  to  y 
It  was  found  necessary  to  increase  the  leng 
detaching  two  of  the  springs  attached  to  the  ex 
total  phase  was  approached.  The  exposure  durii 
I  would  estimate  at  from  ^'^th  to  ^'^th  of  a  sec 
ture  of  the  telescope  reduced  to  two  inches  by  i 
over  the  objective.  During  totality,  the  full  ape 
exposures  of  six,  twelve  and  sixteen  second 
negatives  of  exquisite  sharpness  and  detail,  inc 
the  corona.  The  general  plan  of  exposure  was 
tives,  if  possible,  near  the  contacts,  and  three  ] 
and  end  of  totality,  and  at  intervals  of  five  and 
the  other  phases,  and  we  have  i*eason  to  be  satisl 
The  one  immediately  preceding  totality  displa; 
sun  beautifully  cut  up  into  Bailey's  beads,  am 
the  instant  of  the  close  of  the  total  phase,  recei^ 
the  emerging  sun,  but  is  of  interest  as  showin; 
the  red  promiDences.  On  this  plan  thirty-four  ( 
timed  negatives  were  obtained,  as  given  in  ai 
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which  D  indicates  diaphragm  of  two  inches,  P,  full  aperture;  under 
Length  of  Exposure^  under  Drop^  1  indicates  exposure  slide  with 
slit  4'^th  of  inch  wide;  2,  with  slit  Vu^h;  3,  with  slit  ^'^th,  and  4, 
with  circular  aperture  size  of  eye-piece.  Under  Spring,  1,  2,  3, 
denote  that  one,  two  or  three  springs  were  used  upon  the  exposure 
slide. 

The  distribution  by  you  of  the  prints  from  negatives  of  last  year 
at  Aden,  aided  much  in  regulating  developments  and  exposure. 

Whilst  we  all  feel  fully  satisfied  with  the  results  of  our  eflforts, 
the  success  of  which  has  been  so  largely  due  to  the  thoroughness 
of  preparation  in  all  details,  and  the  use  made  of  the  experience  of 
previous  parties  by  you,  we  confess  with  observers  of  this  pheno- 
menon, generally,  that  we  feel  that  our  present  experience  would 
have  been  of  great  value. 

We  were  necessarily  excluded  from  extended  observations  be- 
yond our  special  work,  bnt  there  are  several  notes  made  that  maj 
be  of  interest  in  this  connection. 

I  had  watched  the  approach  of  totality,  anxious  if  possible  to 
obtain  a  negative  with  Bailey's  beads,  and  was  surprised  with  the 
sudden  transition  to  comparative  darkness  at  the  instant  of  totality, 
and  the  peculiar  brilliancy  with  which  the  stars  seemed  to  spring 
out  without  the  long  struggle  through  twilight. 

The  corona  approached  much  more  nearly  in  regularity  the  four- 
rayed  form  generally  given,  and  which  had  always  seemed  ideal- 
ized or  conventional.  The.S.  W.  ray  was,  however,  unequally 
subdivided  with  the  smaller  part  toward  the  north.  The  whole 
seemed  of  a  fibrous,  slightly  curled  or  twisted  character,  somewhat 
like  a  cirrus  cloud,  and  of  silvery  whiteness.  The  prominences, 
especially  the  large  one  a  little  to  the  left  of  south,  seemed  at  the 
first  instant  of  a  dazzling  white,  but  after  my  attention  had  been 
diverted  for  a  few  moments,  it  appeared  of  a  brilliant  decided  rose 
color,  bordering  on  crimson,  and  remained  of  this  color  to  the  close. 
To  Mr.  Zentmayer,  who  was  engaged  at  the  camera  and  had  used 
neither  telescope  nor  screen,  it  appeared  white,  with  a  slightly  roseate 
hue.  To  Mr.  Moelling,  under  similar  conditions,  it  appeared  whit^ 
throughout.  Messrs.  Brown  and  Baker  who  had  a  short  glimpse 
of  it  from  the  door  of  the  dark  room,  rather  incline  to  the  opinion 
that  they  were  white. 

During  the  progress  of  the  eclipse,  Mr.  Zentmayer,  who  examined 
the  ground  glass  of  the  camera  from  time  to  time  to  notice  the  posi- 
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PHILADELPHIA  PHOTOGRAPHIC  CORPS. 

R'icord  of  the  Times  and  Lengths  of  Exposures  of  the  Photographic  Plates  exposed 
during  Total  Eclipse  of  the  Sun^  at  Ottumwa^  loid a ^  August  Ith^  1869,  as  noted 
by  C.  F.  Rimes,    Greenwich  Time,    To  accompany  report  to  Prof.  Heni-y  Morton. 


No. 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
34 
35 
36 
37 
38 
89 


Time  of  Exposure. 


9h.  59ra.  30  s 

10  h 

10  h.  1  m.  5  s 

10  h.  2  m,  5  s.  (within  a  second.). 

10  h.  3s 

lOh.  4ni.  42  s 

10  h.  9  m.  55  s , 

10  h.  14  m.  57  s. 


10  h.  19  m.  67  s 
10  h.  28  m.  55  8. 
10  h.  82  m.  50  s 
10  h.  37  m. 
10  h.  41  m. 
10  h.  49  m. 
10  1).  55  m 
10  h.  56  m, 
10  h.  57  m. 


")  Glass  marked  XI.  ) 
/     Second  quality.  /  " 


28s... 

41  8... 

22}  8.- 
56  9... 
38}  8.. 
36}  s.. 


-glass  2d  quality. 


about  6  seconds 


Exposure  , 


^Totality  •*  12       "        \ 
J  «*  16       '«       J 

11  h.  4  m.  15  8.  close  of  tot.  and  after  tot. 

11  h.  6  m.  12  8 

11  h.  6  m.  62  8 

11  h.  7  m.  57}  8 

11  h.  10  m.  6.^8 

11  h.  16  m.  16}  8 

11  h.  22  m,  45}  s 

11  h.  29  m.  27  s 

11  h.  37  m.  57}  s 

11  h.  47  m.  58  s 

11  h.  53  m.  7}  s 

11  h.  53  m.  45  s 

11  h.  54  m. 12} s 

11  h.  55  m.  12  s 

11  h.  55  m.  40  s 

11  h.  56  m.  10  s 

11  h.  57  m.  588 

11  h.  59  m.  65  8 

11  h.  59  m.  7i  8.  by  chronometer  of  dif- 
ferent rate  used  by  Prof.  Alexander, 
and  exposure  made  at  signal  from  him 
at  this  time. 


Length  of  Expo. 


Drop.     Spring. 


Aperture. 


D 
D 
D 
D 
D 
D 
D 


D 
D 
D 
D 
D 
D 
D 
D 
P 
F 
P 
P 
P 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 


Lost. 


Lost. 
Lost. 

Lost. 


Baily*s 
Beads. 


Fogged 
a  little. 


D  denotes  aperture  of  two  inches  in  diaphragm  on  objective. 

V  denotes  full  aperture. 

Drop  1  indicates  drop  with  slit  in  slide  one-fortieth  of  an  inch  widr. 

Drop  4  indicates  drop  with  circular  aperture  size  of  eye-piece. 

Spring  1,  2,  3,  indicates  number  of  springs  used  on  drop. 
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tion  of  the  image  of  the  sun,  called  my  attention  to  an  appearance 
of  small  luminous  bodies  like  meteors  crossing  the  dark  image  of 
the  moon  from  cusp  to  cusp.  Subsequently,  they  were  seen  to 
pass  over  the  ground  glass  from  outside  of  the  field  on  to  the  image 
of  the  sun,  where  of  course  they  were  lost,  always  coming  from  the 
same  side.  We  were  led  by  this  circumstance  to  regard  them  as 
most  likely  to  be  optical  illusions,  perhaps  insects  with  transparent 
wings  or  bodies,  but  the  fact  that  other  observers  report  a  shower 
of  meteors  between  the  moon  and  the  earth,  which  seemed  to  be  as 
far  as  I  can  gather  from  a  hasty  description,  identical  in  appearance 
with  the  objects  noticed  by  us,  our  observation  may  be  of  consid- 
erable value,  especially  as  Mr.  Zentmayer,  who  saw  most  of  them, 
is  disposed  not  to  regard  them  as  optical  illusions,  since  they  must 
have  been  caused  by  objects  not  less  than  2.000  feet  distant. 

I  cannot  omit  to  mention  the  friendly  manner  in  which  we  were 
treated  by  the  authorities  and  citizens  of  Ottumwa. 

Favored  as  we  were  with  a  sky  free  from  cloud  or  haze,  and  a 
beautiful  point  of  view,  this  phenomenon  left  an  ineraseable  im- 
pression upon  our  minds  and  hearts. 

Dickinson  College,  August  Ist,  1869. 


Condensing  Magnetism. — M.  Jamin  has  communicated  to  the 
French  Academy  of  Sciences  a  curious  paper  on  a  method  of  con- 
densing magnetism  similar  to  the  condensation  of  electricity.  He 
describes  an  apparatus  made  for  him  by  M.  Limet  which  consists 
of  a  horse-shoe  magnet  composed  of  ten  bars  of  homogeneous  steel 
bolted  together,  the  two  sides  being  covered  with  insulated  wire 
connected  with  50  Bunsen's  elements.  When  magnetised  this  mag- 
net will  bear  a  weight  of  300  kilogrammes  at  the  armature.  "When 
this  armature  is  placed  in  contact  with  one  only  of  the  steel  bars 
the  magnetism  of  the  other  nine  is  considerably  diminished.  Now, 
although  the  magnet  was  previously  saturated  with  magnetism  it 
is  possible  to  make  it  take  more,  and  bear  600  kilogramme.  An- 
other armature  may  be  put  on,  so  as  to  bear  only  on  one  of  the  com- 
ponent bars,  and  more  magnetism  can  be  condensed.  M.  Jamin  has 
thus  caused  the  magnet  to  carry  680  kilogrammes.  This  was  done 
by  applying  five  armatures ;  but  as  soon  as  they  were  detached  the 
magnet  returned  to  its  primitive  strength.^ 
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Mt.  Pleasant^  lowa^  August  9thj  1869. 
Prof.  Henry  Morion: — 

Dear  Sir : — The  following  experiments  were  conducted  at  the 
Brazelton  House,  in  this  town.  Latitude  40°  57';  longitude  91° 
88'.  The  room  used  was  in  the  third  story,  and  had  an  unobstructed 
view  to  the  west. 

The  most  important  experiments  during  the  partial  pliase  were 
thermometric ;  for  this  purpose  three  delicate  thermometers  were 
used.  An  alcohol  thermometer,  a,  divided  to  half  degrees,  and 
two  filled  with  mercury,  B  and  c,  the  latter  having  a  blackened 
bulb.  A  was  hung  in  the  room,  in  the  shade ;  B  kept  its  case,  so 
that  its  temperature  was  very  nearly  constant ;  and  c  was  exposed 
directly  to  the  sun's  rays. 

Table  I. 


TIME. 

A 

B 

C 

TIME. 

A 

B 

C 

3     7 

23-8 

231 

40-8 

5  10 

23-0 

23-1 

26-4 

20 

23 -5 
28-7 

23  0 
23-2 

40-8 
40-8 

16 
20 

23-2 
23-4 

27-6 

20 

23-4 

28-7 

86 

23-8 

23-2 

41-7 

25 

23-6 

23-6 

29-6 

40 

23-9 

23-4 

41-7 

80 

23-8 

310 

60 

24-8 

24-0 

42-2 

35 

24-0 

240 

320 

55 

24-7 

240 

420 

40 

24-3 

240 

32-4 

4    0 

24-7 

240 

41-8 

45 

24.4 

24-2 

331 

5 

24-9 

24-0 

40-8 

50 

24-5 

24-2 

32-9» 

10 

24-9 

240 

40-6 

55 

24-7 

24-3 

35-4 

15 

250 
25-3 

24*0 
24  0 

89-7 
88*0 

6    0 
5 

24-6 
24-5 

36-9 

20 

24-2 

85-8 

25 

25-2 
24-7 

241 
240 

37-4 
34-9 

18 
20 

24-2 
24-3 

34-8 

80 

240 

341 

•  85 

24-4 
24  3 
23-9 
23-7 
28-8 
23-4 
23? 

33  0 
31-8 
28-6 
27-2 
24-8 
24-7 
258 

25 
30 
35 
40 
45 
50 

55 

1 

24-2 
23-9 
23-8 
23-5 
23-2 

240 

38-9 

40 

32  9 

45 

48 

28-8 

30-7 

23-7 

29-7 

67 

6    0 

5 

23-3 

27-1 

25-2b 

22-7 

23-0 

23*4c 

*  Shadow  fell  on  c,  cauAing  the  depression  seen  in  the  curve. 
^  Sun  reaches  cloud  near  horizon. 
«  Sun  appears  red  through  cloud. 

Vol.  LVIII.— Third  Seriks.— No.  4.— October,  1869. 
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Obseryations  were  made  everj  five  minutes  after  the  eclipse 
began  2  at  longer  intervals  before.  The  time  is  about  a  minute  and 
a-half  slower  than  the  local  time,  or  56  m.  50  s.  slower  than  Wash- 
ington mean  time.  The  temperatures  are  Centigrade,  estimated  to 
tenths  of  a  degree. 

The  curves  in  the  adjoining  figure  represent  these  results;  Ver- 
tical distances  give  temperatures ;  Horizontal  distances,  times.  They 
^*S-  ^'  have  also  been  drawn  on 

a  much  larger  scale,  and 
the  accidental  errors  in 
part  eliminated  by  pass- 
ing a  curve  through  all 
the  points;  the  difference 
was  generally  only  a 
small  fraction  of  a  de- 
gree. The  times  were 
then  computed  at  which 
1,  2,  3,  4,  &c.  digits  were 
eclipsed,  and  the  corre- 
sponding temperatures 
obtained    by   interpola- 

THERMAL  CURTM.  tlOU. 

In  the  following  table,  the  first  column  gives  the  number  of 
digits  eclipsed ;  negative  numbers  denoting  distances  between  the 
two  limbs.  The  second  column  gives  the  local  time ;  the  third,  the 
teqiperature  of  A ;  the  fourth,  the  estimated  temperature,  if  there 
had  been  no  eclipse.  Of  course,  this  is  a  very  rough  approxima- 
tion, and  was  obtained  by  drawing  a  continuous  curve  through  the 
beginning  and  end  of  the  eclipse.  It  is  only  intended  as  a  guide, 
and  too  much  dependence  must  not  be  put  on  it.  The  last  column 
gives  the  fraction  of  the  sun's  disc  obscured. 

By  examining  the  third  column  of  the  above  table,  it  will  be 
seen  that  shortly  before  the  eclipse  the  thermometer  rose^  attaining 
its  maximum  at  the  instant  of  contact,  so  that  when  three  digits  or 
14  per  cent,  of  the  sun's  disc  was  obscured,  the  temperature  was 
about  the  same  as  before  the  eclipse.  Again  the  thermometer  con- 
tinued to  rise  after  the  eclipse  was  over.  These  results  were  at 
first  considered  anamolous,  but  they  were  unexpectedly  confirmed 
by  the  photographs  of  the  sun  taken  at  the  same  time.  The  in- 
creased brightness  which  these  show  along  the  moon's  limb,  prove 
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at  the  latter  augments  the  actinic  power  of  those  parts  of  the 
n's  disc  nearest  it,  and  this  renders  the  increase  of  heat  also,  very 
obable. 

Table  II. 


Time. 

Tern 
Real. 

[>erature. 
Assumed. 

Obscur. 

Digits. 

Time. 

Temperature, 

C 

%\\A, 

Real. 

Assumed. 

o 

-  8 

8  8 
18 
19 
25 
80 
86 
42 
47 
53 
58 

4  4 
9 

15 
20 
25 
81 
86 
41 

.  46 
51 
56 

40-8 
40-8 
40-8 
40-8 
40-9 
41-5 
41-8 
420 
421 
42  0 
41-8 
40-7 
89-6 
88-6 
87-4 
84-9 
880 
81-7 
28-6 
26-4 
24-8 

12 
11 
10 
9 
8 
7 
6 
5 
4 
8 
2 
1 
0 

—  2 

1-8 
1—  4 
'—  5 
'—  6 
'—  7 
!-8 

4  59 

5  4 
9 

14 
19 
24 
28 
82 
87 
41 
45 
50 
51 
58 

6  2 
7 

11 
16 
19 
28 
26 

24-7 
25^1 
25-9 
271 
28-2 
29-8 
801 
81-8 
821 
82-8 
88-5 
84-4 
85-2 
861 
361 
867 
85-8 
85  0 
84-4 
88-9 
88-5 

89-5 
89-8 
891 
88-9 
88-7 
88-5 
88.8 
88^0 
87-8 
87-6 
878 
86-9 
86-6 
86-8 

1^000 

-  7 

•898 

-  6 

•789 

^  r» 

•685 

-  4 

40-8 
40-8 
40-8 
40-7 
40-7 
40-7 
40-6 
40-6 
40-5 
40-4 
40-8 
40-2 
401 
400 
89-9 
89-8 
89*6 

•586 

-  8 

•486 

-  2 

•891 

-  1 

•802 

0 
1 
2 
3 
4 
5 

.0 

•029 
•079 
•144 
•219 
■802 
•891 
•486 
«586 
•685 
•789 
•898 
1000 

•219 
.144 
•079 
•029 
•0 

A 

7 

8 

9 

1 

10 

n 

12 

1 

1 

Columns  A  and  B,  in  the  first  table,  show  that  the  temperature  of 
e  air  falls  but  slightly.  As  the  instruments  were  in  the  room, 
ey  were  protected  from  radiation.  Their  maxima  occurred  some 
ne  after  the  first  contact,  owing  to  the  gradual  warming  of  the 
om  by  the  sun.  '  In  the  last  column  of  the  second  table,  the  discs 
the  sun  and  moon  are  supposed  to  be  of  the  same  size,  as  the 
iter,  in  reality,  exceeded  the  former  by  about  one  twenty-fifthj 
e  area  obscured  would  be  somewhat  greater.  The  error,  bow- 
er, is  only  about  1  per  cent,  for  eleven  digits,  and  much  less 
r  other  parts  of  the  eclipse. 
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Actiaometric  experiments  by  the  method  of  Bimsen  and  Roscoe 
p.    2^  were  made,  exposing  pieces 

Time.  Shade.  I  Time.  Shade,  of  sensitivc  paper  everv 
^0      w     I    fo       1    five  minates,  for  one  mi- 

6   00   :   6    8 
30    60 
26    46 


SO  80 

86  20 

40  16 

46  8 


]o  26  ^ute  to  the  sun,  and  then 
^  ^  comparing  them  with  a 
40  30  fixed  scale.  The  series  is 
*•  ^  enclosed,  but  the  delicacy 
of  the  method  does  not 
appear  to  be  sufficient  to  lead  to  important  results. 

The  Total  Phase. 

On  the  approach  of  totality  the  thermometric  and  actinometrio 
experiments  were  given  up,  and  the  following  observations  made 
instead : — 

General  Observations. — A  pocket-telescope  magnifying  about  ten 
diameters  was  used.  It  was  tied  to  the  back  of  a  chair  by  a  piece 
of  cloth,  just  tightly  enough  to  make  it  remain  in  whatever  posi- 
tion  it  was  placed.  This  forms  a  convenient  mounting,  and  by  it 
the  telescope  can  be  moved  steadily,  and  the  sun  or  a  star  followed 
without  difficulty. 

The  corona  appeared  as  an  irregular  four-pointed  star,  with,  of 
course,  a  black  centre.  Two  of  the  rays  were  nearly  vertical,  and 
two  horizontal,  the  left  hand  one  pointing  somewhat  downward, 
while  between  it  and  the  lower  ray  was  a  fifth  smaller  point 
Its  color  was  pure  white:  very  different  from  the  full  moon,  but 
resembling  a  cumulus  cloud.  Possibly  the  reddish  tint  noticed  by 
many  observers  heretofore,  may  be  a  subjective  effect  due  to  the 
green  color  of  surrounding  trees  or  grass.  Its  texture  resembled 
the  ragged  edge  of  a  thunder  cloud,  or  the  crest  of  a  wave  torn  by 
the  wind.  The  striae  were  not  radial  but  spiral,  as  if  the  sun  had 
been  turned  in  such  a  way  that  the  upper  edge  moved  towards 
the  east. 

A  very  bright  protuberance  was  seen  on  the  lower  edge  of  the 
sun ;  also,  two  others  on  the  western  side.  The  first,  to  the  naked 
eye,  appeared  as  much  within  as  without  the  moon's  limb,  and,  by 
irradiation,  appeared  to  send  rays  some  distance  towards  the  centre. 
The  sky  presented  the  appearance  it  has  during  the  morning  twi- 
light, the  western  horizon,  however,  being  bright  yellow. 

I  did  not  notice  the  sudden  lowering  of  the  temperature  during 
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totality,  although  this  was  very  perceptible  to  those  in  the  open 
air ;  it  would,  therefore,  seem  that  this  is  an  effect  mainly  due  to 
radiation. 

After  the  reappearance  of  the  sun,  the  corona  remained  visible 
for  several  seconds.  Cocks  in  the  neighborhood  crowed  repeatedly 
as  the  light  returned. 

The  following  star  observations  were  made  by  Dr.  C.  Pearson, 
who  als6  assisted  in  the  actinometric  observations.  Mercury  be- 
came visible  at  4  h.  54  m.,  or  two  minutes  before  totality,  and  dis- 
appeared at  5  h.  Venus  was  visible  from  4  h.  51  m.  to  6  h.  12  m., 
or  twenty-one  minutes. 

Spectroscopic  Observations. — A  chemical  spectroscope  with  one 
60°  prism  was  loaned  me  by  Prof.  Van  Vleck,  and  was  mounted 
in  the  way  above  described  for  the  telescope.  As  no  lens  was 
placed  in  front  of  it,  all  the  light  which  fell  on  the  slit  from  a  circle 
about  7°  in  diameter  passed  through  the  instrument.  Turning  it 
towards  the  sun  before  totality,  the  latter  remained  in  the  field. 
This  is  probably  the  best  way  to  obtain  the  spectrum  of  the  corona, 
as  there  is  very  little  loss  of  light;  the  protuberances,  however,  are 
80  small  that  their  spectra  would  be  faint,  although  the  advantage 
of  not  having  to  move  the  instrument  is  a  great  one.  The  spec- 
trum appeared  to  be  continuous,  with  two  or  three  bright  lines,  the 
brightest  in  the  neighborhood  of  b,  and  the  next  near  o ;  but  as  no 
dark  solar  lines  were  visible,  these  positions  cannot  be  relied  upon. 
The  absence  of  the  dark  lines  may  be  due  to  the  want  of  brilliancy 
of  the  spectrum,  although  this  was  bright  enough  to  have  its  upper 
and  lower  edges  well  defined. 

Polarization. — The  form  of  polariscope  used  was  that  adopted  by 
Arago  in  his  experiments  on  sky  polarization.  It  consists  of  a  tube 
about  20  inches  long,  and  2  inches  in  diameter,  one  end  of  which  is 
closed  by  a  double-image  prism  of  Iceland  spar,  and  the  other  by  a 
plate  of  quartz.  Looking  through  the  former,  we  see  two  images 
of  the  latter,  which,  when  the  light  is  polarized,  assume  comple- 
mentary tints.  If,  now,  the  corona  was  polarized  in  planes  passing 
through  the  centre  of  the  sun  (as  is  generally  admitted),  when 
viewed  fhrough  the  polariscope,  in  one  image  the  upper  and  lower 
parts  should  have  appeared  blue,  and  those  on  the  right  and  left 
yellow ;  while  in  the  second  image  these  colors  would  be  reversed, 
the  yellow  being  above  and  below,  and  the  blue  on  the  sides.  In 
reality,  the  two  images  were  precisely  alike,  and  both  pure  white, 
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but  one  was  on  a  blue,  the  other  on  a  yellow  background.  From 
this  we  infer  that  the  corona  was  unpolari^ed,  or,  at  least,  that  the 
polarization  was  too  slight  to  be  perceptible. 

Although  this  does  not  prove  that  it  shines  by  its  own  light, 
since  polarisation  is  produced  only  by  specular,  and  not  by  diffuse 
reflection,  yet  these  observations,  and  also  those  with  the  spectro- 
licope,  seem  to  render  it  probable.  This  view  is  also  strengthened 
by  the  fact,  that  as  the  naost  distant  portions  are  but  about  one 
hundredth  part  of  the  distance  of  the  earth,  they  receive  over  ten 
thousand  times  as  much  heat  per  square  foot. 

The  colored  background  mentioned  above,  shows  that  the  sky, 
close  to  the  corona,  is  strongly  polarized,  and  since  the  tint  is  uni- 
form on  all  sides  of  the  sun,  the  plane  of  polarization  is  independent 
of  the  position  of  the  latter — that  is,  the  same  on  the  sides,  that  it  is 
above  or  below  it*  The  most  probable  explanation  of  this  most 
unexpected  result  is,  that  the  earth  beyond  the  limits  of  the  shadow 
being  strongly  illuminate,  acts  as  an  independent  source  of  light, 
and  this  being  reflected  by  the  air,  becomes  polarized  in  planes 
perpendicular  to  the  horizon. 

I  am  indebted  to  Mr.  E.  L.  Wilson  for  the  use  of  two  Vogd's 
Photometers;  and  also  to  Messrs.  Hover  and  Leisenring  for  assist- 
ance in  the  photographic  experiments. 

In  conclusion,  the  new  facts  elicited  may  be  summed  up  as  fol- 
lows:— An  increase  of  heat  and  actinic  power  is  observed  in  the 
beginning  of  the  eclipse,  caused  by  an  increased  brightness  of  the 
sun's  disc  near  the  moon's  limb.  The  spectrum  of  the  corona 
appears  to  be  free  from  dark  lines,  but  may  contain  two  or  three 
bright  ones.  Its  striae  are  spiral  rather  than  radial,  and  its  light  is 
unpolarized.  The  sky  adjoining  it,  however,  reflecting  light  from 
the  earth,  shows  strong  signs  of  polarization. 
Respectfully  submitted, 

Edward  C.  Pickbring 


Solution  of  Uranium  Salts  not  Fluorescent.— In  the  last 
number  of  Les  Mondes,  we  find  that  M.  Selhorst  announces  that  the 
salts  of  uranium  and  cobalt  do  not  fluoresce  in  Geissler  tubes.  We 
are  glad  to  hear  some  authority  announce  this,  having  tried  repeat- 
edly to  obtain  the  pnenomenon  with  uranium  salts  but  without  suc- 
cess, notwithstanding  the  statements  of  Du  Moncel  and  Becquerel. 
—Ed. 
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SPECTROSCOPIC  NOTES. 

By  Prof.  C.  A.  Young,  of  Dartmouth  College.— No.  2. 

September  4th,  1869. — Prominences  were  noted  on  the  sun's 
limb  at  3,  p.  m.,  to-day,  in  the  following  positions,  angles  reckoned 
from  North  point  to  the  East.- — 

1.  +  70°  to  +  100°,  very  straggling,  not  very  bright. 

2.  — 10°,  large  and  diffuse. 

8.  —  90°,  small,  but  pretty  bright. 

September  13th,  1869. — The  following  protuberances  were  noted 
this  P.  M. 

1.  Between  +  80°  and  + 110°,  a  long  straggling  range  of  pro- 
tuberances whose  form  was  as  in  Fig.  1.  I  dare  not  profess  any  very 
extreme  accuracy  i  n 

the    drawings,   not  ^^'  ^' 

being    a    practiced 

draughtsman,     but 

the  sketch  gives  a 

very  fair  idea  of  the 

number,  form   and 

arrangement  of  the 

immense  cloudy 

mass,  whose  height  was  about  50"  and  its  length  330"  (22,500 

miles  by  1,350,000).     The  points  a  and  b  were  very  bright. 

2.  +  135°  small,  but  very  bright  at  the  base,  of  this  form : 
(Fig.  2.) 

^»g-«-  3.  —85°  of  this         ^»g-2. 

form  (Fig.  3.) 

The   dark    spot, 
marked  c,  was  very 
curious,  reminding 
one  strongly  of  the 
so-called  fish-mouth  in  the  nebula  of  Orion.     I  saw  no  change  in 
it  for  20  minutes.     On  the  other  hand,  the  first  series  mentioned 
were  changing  rapidly,  so  that,  at  5  o'clock,  the  sketch,  which  was 
drawn  at  2  was  quite  inapplicable,  only  the  general  features  remain- 
ing unaltered. 
4.  —128°,  about  20"  high,  forked,  thus:—  Fig.  4. 

The  structure  was  cirrus  in  every  one  but  No.  3, 
which  seemed  more  like  a  mass  of  cumulus. 

To-day,  for  the  first  time,  I  saw  bi  reversed  in 
the  chromosphere  when  the  slit  was  tangent  to  disc ; 
1474  was  easy ;  the  new  line  at  2602  cannot  be  detected 
as  yet. 

At  2*25,  while  examining  the  spectrum  of  a  large 
group  of  spots  near  the  sun's  western  limb,  my  attention  was  drawn 
to  a  peculiar  double  knobbiness  of  the  F  line  (on  the  sun's  disc,  not 
at  the  edge,)  represented  by  Fig.  1,  a  at  the  point  e.     In  a  very  few 
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Fig.  6. 
e     e 


a, 


moments,  a  brilliant  spot  replaced  the  knobs,  not  merely  interrupt- 
ing and  reversing  the  dark  line,  but  blazing  like  a  star  near  the 
horizon,  only  with  blue  instead  of  red  light;  it  remained  for  about 
2  minutes,  disappearing,  unfortunately,  while  I 
was  examining  the  sun's  image  upon  the  gra- 
duated screen  at  the  slit,  in  order  to  fix  its  posi- 
tion, which  was  at  — 82  J,  about  43"  from  the 
edge  of  the  limb,  about  15"  inside  of  the  inner 
edge  of  the  spot-cluster.  I  do  not  know,  there- 
fore, whether  it  disappeared  instantaneously  or 
gradually,  but  presume  the  latter.  Fig.  1,  h  at- 
tempts to  give  an  idea  of  the  appearance.  When 
I  returned  to  the  eye-piece,  I  saw  what  is  repre- 
sented at  Fig.  1,  c,  &c.  On  the  upper  (more 
refrangible)  edge  of  F,  there  seemed  to  hang  a 
little  black  mote,  making  a  harh^  whose  point 
reached  nearly  to  the  faint  iron  line  just  above  F.  As  given 
on  Angstrom's  atlas,  the  wavelengjth  of  F  is  486*07,  while  that  of 
the  iron  line  referred  to  is  486*92  (the  units  being  millionths  of  a 
millimetre).  This  shows  an  absolute  change  of  O'lo  in  the  wave- 
length, or  a  fraction  of  its  whole  amount,  represented  by  the  decimal 
•00030,  and  would  indicate  an  advancing  velocity  of  about  55'5  miles 
per  second  in  the  mass  of  hydrogen  whose  absorption  produced  this 
barbed  displacement. 

The  barb  continued  visible  for  about  5  minutes,  gradually  resolv- 
ing itself  into  three  small  lumps,  one  on  the  upper  and  two  on  the 
lower  line.  Fig.  1,  d.  In  about  10  minutes  more,  the  F  line  resumed 
its  usual  appearance.  I  did  not  examine  the  c  line,  as  I  did  not 
wish  to  disturb  the  adjustments  and  risk  losing  some  of  the  curious 
changes  going  on  under  my  eye. 

After  the  close  of  this  strange  phenomenon,  I  examined,  with 
our  large  telescope  of  6-inch  aperture,  the  neighborhood  in  which 
this  took  place,  and  found  a  very  small  spot  exceedingly  close  to, 
if  not  actually  at^  the  place.  This  was  at  2*45.  At  5-30  it  had 
grown  considerably. 

Undoubtedly,  the  phenomenon  seen  was  the  same  referred  to  by 
Mr.  Lockyer,  when  he  speaks  of  often  seeing  the  bright  lines  of  the 
prominences  not  only  at  the  sun's  limb  but  on  his  disc.  It  is  the 
only  time  I  have  had  the  good  fortune  to  see  it  as  yet. 

The  common  fire-fly  gives  a  continuous  spectrum  without  any 
trace  of  lines,  either  bright  or  dark.  It  is  noteworthy  that  this 
spectrum  lies  almost  entirely  between  the  lines  c  and  F,  the  portion 
of  the  luminous  diaphason  where  the  thermal  and  actinic  effects  are 
nearly  nil,  and  where  almost  all  the  energy  expended  is  effective  as 
pure  light.  How  different  from  our  artificial  modes,  in  which  not 
more  than  -^^  of  1  per  cent,  of  the  expended  energy  appears  as 
light,  the  rest  being  mostly  wasted  in  heat,  and  partly  in  actinism. 
Hanover,  N.  H.,  September  18th,  1869. 
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A  Dictionary  of  the  Solubilities  of  Chemical  Sub- 
stances. By  Prop.  F.  H.  STORER,  of  the  Massachusetts  Institute 
of  Technology.  1  vol.  in  3  parts,  8  vo.,  paper  covers,  per  part,  $2.00. 
Whole  work,  cloth,  $t.50. 

The  work  is  exceedingly  valuable  to  practical,  as  well  as  to  theoretical  chemists, 
and  the  apothecary  and  the  manufacturing  chemist,  will  find  its  pages  stored  with 
information  needed  on  numerous  occasions,  and  which  here  is  presented  to  them 
in  the  most  accessible  form." 

Chemical  Tables.  By  S.  P.  SHARPLBS,  S.  B.  12  mo, 
cloth,  $2.25. 

This  collection  of  tables  has  been  prepared  with  great  care  under  the  supervision 
of  Dr.  Wolcott  Gibbs,  of  the  University  at  Cambridge,  and  will  be  found  of  great 
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Editorial. 


ITEMS  AND  NOVELTIES. 

File  Drivers,^- After  witnessing  the  beautiful  and  efficient  ope- 
rations of  the  gunpowder  pile-driver,  I  have  been  led  to  inquire 
into  the  principles  of  its  efficiency.     Why  will  a  hammer,  falling 
through  a  certain  height  and  forced  upward  by  gunpowder,  be 
more  efficient  than  a  hammer  which  is  forced  upward  by  other 
means  ?     In  the  gunpowder  hammer,  the  first  important  thing  to 
^•jl.    be  observed  is — the  hammer  does  not  strike  the  pile.     The  plunger 
jlS.    in  front  of  the  hammer  compresses  the  air  in  the  cavity  in  the  cap, 
and,  if  the  plunger  fitted  air-tight,  it  would  form  an  air  spring  be- 
A    tween  it  and  the  plunger,  and  as  soon  as  the   forward  motion 
^fj^    was  arrested,  it  would,  by  reaction,  force  the  hammer  upward.    But 
|j]^    in  this  case,  the  compression  of  the  air,  by  evolving  heat,  explodes 
a  charge   of  gunpowder,   and  the  expanding  gases  produces  an 
Vol.  LVIII.— Third  Series.— No.  6.— Notembkr,  1869.  37 
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intensified  gaseous  spring.  In  this  way  the  iron  in  the  hammer  is 
prevented  from  coming  in  contact  with  the  iron  of  the  cap,  and  the 
pile  is  forced  forward  by  an  intense^  powerful push^  and  not  by  im- 
pact, as  in  ordinary  cases.  It  may,  however,  be  considered  a  case 
of  elastic  impact,  and  analytical  investigations  show,  that  in  elastic 
impact  there  is  no  work  lost.  In  the  ordinary  pile-driver  only  a 
poi^tion  of  the  work  of  the  fall  is  expended  in  driving  the  pile,  the 
lost  work  being  expended  in  bruising  and  destroying  the  head  of 
the  pile  and  the  hammer. 

These  principles  suggest  an  improvement  in  the  drop-hammer 
and  in  the  direct-action  pile-driver,  which  is  illustrated  in  the  an- 
nexed figure.  Let  the  lower  end  of  the  hammer  be  pro- 
vided with  a  plunger  passing  nearly  air-tight  into  a  cavity 
in  a  cap  over  the  pile,  the  same  as  in  the  gunpowder 
pile-driver.  But,  as  it  will  not  pass  in  air-tight,  some  of 
the  air  will  escape  from  the  cavity,  under  which  condi- 
tion the  plunger  could  not  be  drawn  out  without  pro- 
ducing suction,  and  hence  a  lifting  force  on  the  pile.  To 
prevent  this,  make  a  small  air  passage  near  the  bottom 
of  the  cavity,  which  shall  communicate  with  the  external 
air,  and  in  this  passage  place  a  puppet  or  other  valve, 
which  shall  let  air  freely  into  the  cavity,  but  whicH  shall 
automatically  close  when  the  air  attempts  to  escape.  The  passage 
might  enter  the  bottom  of  the  cavity,  and  a  flap  of  leather  or  rubber 
be  placed  over  it* 

Another  principle  in  its  economical  working,  consists  in  forcing 
the  pile  down  by  the  same  force  which  drives  the  hammer  upward. 
In  ordinary  machines,  the  steam  or  other  power  which  drives  the 
hammer  upward  does  not,  at  the  same  time,  drive  the  pile  down- 
ward. From  this  it  appears,  that  if  all  the  external  machinery,  in 
both  cases,  be  left  out  of  the  question,  it  would  be  as  economical  to 
expend  twice  as  much  for  powder  power  as  for  steam  power. 
This  statement,  however,  would  not  be  true  for  a  direct-action  pile- 
driver,  in  which  the  engine  rests  upon  the  top  of  the  pile,  for  in 
this  case  the  engine  would  press  downward  while  the  hammer  is 
being  raised. 

The  external  machinery  for  operating  the  hammer  has  little  to 
do  with  its  efficiency,  so  long  as  it  is  in  order,  but  the  almost  entire 
absence  of  machinery  in  the  powder  driver,  and  especially  of  any 
machinery  which  will  get  out  of  order,  is  a  novel  and  commendable 
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feature.  But  as  the  machinery  for  operating  ordinary  pile-drivers 
run  a  long  time  without  repairs,  the  main  question  with  the  prac- 
tical man  will  be  the  economy  of  the  driving  power.        D.  v.  W. 

University  of  Michigan,  Oct.  12,  1869. 

The  Ejector-Condenser. — In  the  latter  part  of  this  number 
will  be  found  the  paper  on  this  subject,  read  at  the  last  meeting  of 
the  Institute,  by  Mr.  J.  E.  Napier,  and  some  remarks  by  various 
members. 

The  action  of  this  instrument  is  so  curious  that  in  addition  to 
the  practical  details  of  its  structure  and  operation  a  few  words  re- 
specting its  "  rationale  "  may  not  be  out  of  place.  The  principles 
applied  to  the  explanation  of  the  injector  by  the  present  writer  in 
an  article  on  p.  Si,  Vol.  LVI.,  of  this  Journal,  and  developed  in  a 
more  general  form  in  a  brief  discussion,  on  "  Eesistance  and  Trans- 
mission of  Motion,"  in  Vol.  LVI.,  page  344,  will  apply  fully  to  this 
case. 

Referring  to  Mr.  Napier's  paper,  with  its  accompanying  plates, 
for  a  description  of  the  apparatus  and  its  working,  we  will  only 
here  remark  that  with  it  the  exhaust  steam  from  the  cylinder  after 
expansion,  and  with  an  absolute  pressure  of  but  2J  to  3  lbs.  per 
square  inch  or  12  J  to  12  lbs.  helow  the  pressure  of  the  atmosphere^ 
flowing  into  a  series  of  nozzles  where  it  meets  a  stream  of  water 
and  is  condensed,  is  able  not  only  to  eject  itself  against  the  atmos- 
pheric pressure  and  to  carry  the  condensing  water  with  it,  but  even 
I  to  lift  this  latter  from  a  depth  of  several  feet,  or  force  the  entire 
I     stream  to  a  corresponding  heights 

How  is  this  seeming  paradox  to  be  explained  ?  We  think,  as 
follows : — 

The  steam,  whose  pressure  is  reduced  to  but  3  lbs.  per  square  inch 
above  an  absolute  vacuum,  is  for  the  same  cause  expanded  to  about 
I  five  times  its  normal  bulk  or  that  which  it  would  have  at  atmos- 
1  pheric  pressure,  or,  comparing  it  with  water,  would  have  a  bulk 
\  afcout  7050  times  as  great  as  the  water  from  which  it  was  formed 
j  and  consequently  would  be  contracted  to  yj^zn  of  its  bulk  if  con- 
densed into  water. 

Now,  in  fact,  as  it  flows  out  of  the  nozzle,  this  very  condensation 
happens  to  it,  and  supposing  the  jet  to  maintain  simply  the  initial 
velocity  due  to  the  feeble  3  lbs.  pressure,  it  would  form  a  cone  of 
which  the  steam-supplied  base  would  be  7050  times  larger  than  the 
condensed-water  apex. 


Digitized  by  VjOOQ IC 


292  Editorial 

But  the  pressure  of  3  lbs.  per  square  inch  is  acting  on  the  large 
base,  and  by  reason  of  the  motion  given  to  the  particles,  is  trans- 
mitted to  the  small  apex ;  so  that,  considering  this  point  alone,  we 
see  that  the  pressure  of  3  lbs.  per  square  inch  at  the  first  point 
might  become  7050  X  3  or  21,150  pounds  per  square  inch  at  the 
latter. 

It  will  be  of  course  evident  to  any  one  that  the  contraction  of 
the  jet  is  here  the  result  of  its  condensation  simply  and  thus  has  no 
eflFect  upon  its  forward  motion  any  more  than  the  running  together 
of  the  passengers  on  a  steamer  would  have  on  her  velocity,  and  is 
in  no  wise  related  to  such  contractions  as  are  produced  by  a  noz- 
zle, or  conical  tube  in  which  the  forward  motion  is  resisted  by  the 
very  inclined  surfaces  which  aflFect  its  concentration.  The  only 
office  of  a  surrounding  tube  is  to  guide  the  stream  and  to  prevent 
indraught  of  air  which  would  otherwise  be  set  in  motion  to  the 
detriment  of  the  legitimate  work  of  the  steam  and  water  jets. 

We  may,  indeed,  compare  the  effect  of  the  scattered  particles  in 
the  dilated  steam  as  they  condense  in  the  jet,  to  the  result  of  a 
concentrated  fire  on  a  point  of  fortification,  and  should  it  be  sug- 
gested that  the  same  effect  might  result  without  condensation  we 
can  answer  that  it  is  only  by  this  means  that  so  many  particles 
can  be  made  to  act  at  once  within  so  small  an  area,  and  without 
waste  of  their  moving  force  in  effecting  the  concentration. 

But  we  have  made  no  account  of  the  water  required  for  conden- 
sation, this  also  must  be  set  in  motion  by  the  escaping  jet. 

Suppose  20  lbs.  of  water  are  required  to  condense  each  pound  of 
steam,  and  that  this  water,  having  no  head,  must  receive  all  its 
motion  from  the  steam,  then,  clearly,  the  velocity  of  the  jet  will  be 
reduced  to  ^j^st.  of  what  it  was  before,  when  thus  applied  to  mov- 
ing a  total  weight  21  times  as  great;  but  to  carry  the  same  quan- 
tity at  a  velocity  reduced  21  times,  the  area  of  the  stream  must  be 
increased  21  times:  thus  the  small  end  of  our  cone  of  condensation 
would  be  enlarged  21  times  for  this  cause,  and  the  base  and  apex, 
in  place  of  being  as  7050  to  1  would  be  as  7051  to  21. 

Not  only,  however,  have  we  rendered  the  apex  of  our  cone  larger 
by  reducing  the  velocity  as  above,  but  we  have  also  increased  its 
size,  in  an  equal  degree,  by  adding  the  additional  volume  of  water, 
which,  with  the  condensed  steam,  makes  a  volume  21  times  as  great 
as  the  latter:  in  other  words,  not  only  does  each  pound  of  water 
take  21  times  as  much  room  to  pass  at  ^^  of  the  velocity,  but  there 
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are  21  times  as  many  pounds  of  water  to  pass.  We  must  then  en- 
large the  small  end  of  our  cone  21  times  again  for  this  reason;  it 
thus  becomes  21X21  or  441  times  as  large  as  on  the  first  supposi- 
tion of  the  steam  condensing  without  the  addition  of  water,  and  the 
relation  of  the  large  end  to  the  small  one  becomes  7050  to  441. 

Now,  on  the  steam  end,  as  we  have  seen,  is  a  pressure  of  3  lbs. 
to  the  square  inch,  while  on  the  water  end  of  the  cone  of  condensa- 
tion is  the  atmospheric  pressure  of  15  lbs.  But  7050  X  3  =:  21,150, 
while  441  X  15  only  equals  6,615,  or  less  than  one-third  the  for- 
mer, therefore  the  condensed  steam  and  water  would  be  ejected 
with  great  force  under  the  conditions  assumed. 

But  let  us  see  how  far  these  conditions  can  be  realized  in  prac- 
tice, and  first,  to  save  repetition,  let  us  remark,  that  the  effect  of 
the  steam  pressure  is  diminished  in  proportion  to  the  square  of  the 
added  weight  of  water.  This  is  evident  by  inspection  of  the  dis- 
cussion just  given. 

By  reference  to  the  table  in  Prof.  Rankine's  report  of  October 
27,  1868,*  it  will  be  seen  that  the  average  amount  of  heat  taken  up 
by  the  water  was  about  40^. 

Let  us  assume  the  latent  heat  of  the  steam  to  be  972°,  the  feed 
water  to  be  at  40°,  and  the  discharge  at  80°,  as  it  was,  in  sbme 
cases,  the  "  round  numbers  "  being  most  convenient ;  then  to  condense 
the  steam  would  imply  an  absorption  of  972°  and  to  cool  it  from 
150°  (about  its  presumable  temperature  at  3  lbs.  absolute  pressure)  to 
80°,  would  require  a  further  absorption  of  70°,  or  in  all  1043°,  which 
must  be  taken  from  each  pound  of  steam  to  reduce  it  to  water  at 
80°.  As  each  pound  of  water  in  passing  from  40°  to  80°  absorbs 
40°  of  heat,  each  pound  of  steam  will  need  1043  -^  40  =  26  lbs. 
of  water  for  its  condensation  and  cooling.  The  outlet  of  the  ejector 
must  then  be  enlarged  26  times  by  reason  of  this  increased  amount 
of  water  which  is  to  be  passed  through  it,  and  if  there  is  no  head 
to  give  this  water  the  requisite  velocity,  the  escaping  steam  must 
give  up  a  corresponding  amount  of  its  motion  to  this  water  and  so 
reduce  its  velocity  26  times  to  move  this  superior  weight,  as  a  re- 
sult of  which  the  outlet  must  be  enlarged  26  times  again  to  admit 
the  escape  of  the  liquid  at  this  reduced  rate,  its  area  therefore  be- 
comes 676  times  as  great  as  it  would  have  been  could  the  steam 
have  been  condensed  without  addition  of  water.  This,  of  course, 
greatly  changes  the  relation  of  the  steam  and  water  ends  of  our 
imaginary  cone,  which  in  place  of  being  as  7050  to  1  are  as  7050  to 

*  This  report  has  been  crowded  out  of  this  number,  but  will  appear  in  our  next. 
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676,  or  about  as  104  to  1,  yet  even  then  we  have  the  pressure  or 
force  of  3  lbs.  per  square  inch  on  10*4  of  area  exerting  a  force  of  31*2 
decidedly  superior  to  the  atmospheric  pressure  of  15  lbs.  per  square 
inch  on  the  area  1  of  the  outlet. 

It  must  be  here  remembered  that  we  have  assumed  the  absolute 
pressure  of  steam  or  vacuum  to  be  3  lbs.  throughout,  while  the  dia- 
gram, and  our  judgment  show  us  that  it  is  far  greater  at  the  begin- 
ning of  each  exhaust,  in  consequence  of  which  the  steam  will  arrive 
at  the  base  of  the  cone  of  condensation  with  a  velocity  due  to  this 
excess  of  pressure,  and  so  exert  an  additional  force  which  has  not 
entered  into  our  calculation  as  given  above. 

In  thus  treating  this  question  as  a  statical  rather  than  a  dynami- 
cal problem,  we  depart  from  the  usual  method,  but,  in  the  first 
place,  gain  unquestionably  much  in  brevity,  and  more  in  clearness 
of  explanation  to  those  not  habitually  familiar  with  mathematical 
work,  while  we  sacrifice  nothing  in  accuracy. 

The  best  proof  of  this,  to  those  who  have  not  time  to  go  into 
the  merits  of  the  question,  is  found,  we  think,  in  the  fact  that  nu- 
merical results  deduced  by  this  process,  agree  precisely  with  those 
obtained  by  the  highest  authorities  in  the  usual  and  less  evideot 
method.  This,  in  the  classical  explanation  of  the  Injector,  by  Prof. 
Ch.  Combes,  Inspector- General  and  Director  of  the  EcoU  des  Mines^ 
translated  in  this  Journal^  Vol.  XXXIV.,  p.  325,  the  maximum 
quantity  of  water  which  a  Giffard  Injector  could  introduce  with  a 
constant  pressure  of  75  lbs,  is  shown  to  be  18*7  times  the  weight  of 
the  steam  in  addition^  or  with  the  condensed  steam  19*7  times. 

Now,  at  75  lbs.  pressure,  the  volume  of  saturated  steam  is  388 
times  that  of  the  water  into  which  it  would  condense.  Therefore, 
the  areas  of  the  base  and  apex  of  its  cone  of  condensation  would  be 
as  388  to  1,  and  the  concentrated  pressure  on  the  smaller  area 
would,  therefore,  be  388  times  that  of  the  boiler.  The  added  water, 
however,  as  we  have  seen,  diminishes  this  concentration  in  propor- 
tion to  its  square  by  enlarging'the  smaller  end,  first  by  its  volume, 
and  then  by  its  reduction  of  the  velocity:  therefore,  the  square 
root  of  388  or  19*7*  will  express  the  amount  of  water,  which  would 
reduce  the  proportion  to  an  equality — i.  <?.,  make  the  pressure  per 
square  inch  of  the  injected  water  like  that  of  the  escaping  steam, 
equal  to  the  boiler  pressure,  thus  implying  that  the  steam  was  just 
able  to  enter  the  boiler  against  its  pressure,  without  any  allowance 
for  friction.  But  this  is  exactly  Prof.  Combe's  result. 
*  This  root  is  strictly  19-692,  &c. 
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Steam  Omnibuses. — At  a  recent  meeting  of  the  Glasgow  police 
court,  Messrs.  Honeyman  and  Drummond  obtained  the  sanction  of 
the  authorities  to  run  steam  omnibuses,  by  way  of  experiment,  on 
the  streets  of  Glasgow. 

Submarine  Pumping. — A  number  of  submarine  sweet-water 
springs  are  known  to  exist  along  the  coast  of  Istria  and  Dalmatia, 
As  the  coastal  districts  of  these  provinces  suflfer  from  want  of  a 
sufficient  supply  of  water,  and  it  is  possible  by  means  of  the  Nor* 
ton  pump  to  save  much  that  is  now  lost,  the  Austrian  Ministry  of 
Agriculture  has  published  a  book  on  the  means  of  finding  and 
utilizing  submarine  fresh-water  springs  on  the  Austrian  coasts. 

Rust  of  Iron  Ships. — Prof.  Calvert  has  given  some  interesting 
results  of  his  experiments  into  the  nature  and  condition  of  rust. 
Oxidation  of  the  bottom  of  iron  ships,  he  thinks,  may  be  prevented 
by  an  external  coating  of  a  preparation  of  an  alloy  of  lead  and  anti- 
mony, while  an  alkali  is  placed  in  the  bilge  water  within  the 
vessel. — Mech.  Mag, 

The  Suez  Canal. — The  Suez  Canal  Company  has  just  issued 
regulations  for  the  navigation  of  the  Suez  Canal,  to  be  opened  on 
November  17th.  Article  1  states  that  the  navigation  of  the  Suez 
Maritime  Canal  will  be  open  to  all  ships  without  distinction  of  na- 
tionality, provided  their  draught  of  water  does  not  exceed  7J 
metres,  the  depth  of  the  canal  being  8  metres,  equal  to  26  English 
feet. — Mech,  Mag, 

Removal  of  Gas  Works  in  London.— The  great  city  gas 
companies  are  preparing  to  remove  their  works  from  the  midst  of 
the  crowded  localities  in  which  they  are  now  placed,  and  carry 
them  into  the  country.  The  existence  of  these  works  in  their  pre- 
sent position  has  long  been  a  grave  nuisance.  The  Imperial  Com- 
pany has  secured  a  location  in  the  fields  near  West  Ham;  the 
Chartered  on  the  river  bank,  near  the  northern  outfall  of  the  great 
main-drainage  system;  and  the  City  Company,  at  Blackfriars,  will, 
it  is  believed,  migrate  in  the  same  direction.  It  is  to  be  trusted 
that  all  the  metropolitan  gas  companies  will  presently  find  it  to 
their  interest  to  remove  entirely  without  the  boundaries  of  the 
thickly-inhabited  districts. — Lancet, 

Damp  Walls. — Our  attention  has  of  late  been  called  to  the 
question  of  rendering  the  walls  of  buildings  impervious  to  moisture. 
We  have  received  letters  upon  the  subject  from  correspondents  who 
ask  us  to  point  out  a  remedy  for  the  evil.     We  therefore  gladly 
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take  the  opportunity  of  making  known  to  our  readers  that  there  is 
a  remedy,  at  once  simple  and  efficacious.  This  is  a  process  invented 
by  Mr.  Frederick  Ransome,  and  which  is  being  successfully  carried 
out  in  practice  by  the  Patent  Stone  Company,  East  Greenwich.  It 
consists  in  the  employment  of  colorless  mineral  solutions  which 
possess  the  property  of  forming  an  insoluble  and  indestructible 
mineral  precipitate  when  applied  to  buildings.  The  deposit  takes 
place  not  only  on  the  surface  of  the  material  to  which  it  is  applied, 
but  enters  the  body  of  the  substance.  The  application  of  the  solu- 
tion in  no  way  alters  the  color  of  the  material,  a  perfectly  natural 
appearance  being  preserved  in  the  building.  The  eflfect  is  perma- 
nent, neither  atmospheric  nor  saline  influences  in  the  least  de- 
gree affecting  the  indurating  material.  It  not  only  renders  the 
building  water-proof,  but  it  further  most  effectually  indurates  and 
preserves  from  decay  the  stone  or  bricks  treated  with  it.  This 
process  has  recently  been  applied  to  several  buildings  which  are 
stated  to  have  been  untenantable,  previously  to  the  application,  on 
account  of  exposure  to  a  wind-driven  rain.  Paper  now  hangs  well 
on  the  walls  from  which  it  formerly  drooped  in  festoons  and  tatters, 
whilst  dryness  and  a  cleanly  appearance  have  taken  the  place  of 
dampness  and  mildew.  This  process  of  rendering  buildings  imper-  . 
vious  to  wet  is  comparatively  inexpensive,  therefore  no  one  need 
longer  to  suffer  from  that  source  of  discomfort  and  danger  to  health,, 
damp  walls. — Mech.  Mag. 

Oas-tight  Bubber  Tubes. — India-rubber  tubing  is  slightly 
permeable  to  gas.  As  a  fact,  the  amount  which  escapes  through 
the  walls  of  the  tube  is  very  small,  but  there  are  places  in  whicb  it 
may  be  advisable  to  render  any  escape  impossible.  This  can  be 
done  by  giving  the  tubing  a  thin  coating  of  a  varnish  made  by  dis- 
solving one  part  and  a-half  treacle  and  two  parts  of  gum-arabic  in 
seven  parts  of  white  wine  and  three  and  a-half  parts  of  strong  alco- 
hol. That  is  the  receipt  of  M.  Jouanne,  but  we  have  no  doubt  that 
beer  may  be  substituted  for  white  wine  without  harm.  The  treacle 
and  gum  must  first  be  dissolved  in  the  beer  or  wine,  and  the  alco- 
hol must  be  added  very  slowly,  constantly  stirring  the  mixture,  or 
the  gum  will  be  thrown  down. — Mech.  Mag. 

Old  Shoes  Converted  into  Combs. — Old  shoes  are  not  alto- 
gether wasted,  but  they  have  been  put  to  a  new  use  by  M.  Guyot, 
He  cuts  them  up  into  thin  shreds,  and  treats  these  with  chloride  of 
sulphur.     Under  this  treatment,  the  shreds  at  first  swell  up  and 
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then  become  friable  and  brittle.  When  this  stage  is  arrived  at, 
they  are  washed,  dried,  and  ground  to  a  fine  powder,  which  we  are 
told  is  of  a  grey  rose  color.  This  is  mixed  with  some  gummy  or 
glutinous  matter,  and  the  mass  is  pressed  into  moulds  to  form  combs, 
buttons,  knife-handles,  and  such  like  articles.  During  the  treat- 
ment with  chloride  of  sulphur,  it  must  be  mentioned  that  the  vapor 
of  hydro-chloric  acid  is  given  oft*  which,  on  hygienic  grounds, 
requires  to  be  condensed.  Then,  when  the  shreds  arrive  at  the 
brittle  state,  it  is  necessary  to  remove  the  excess  of  chloride  of  sul- 
phur, and,  we  imagine,  sulphur  also.  This  is  done  by  washing 
with  sulphide  of  carbon,  the  recovery  of  which  demands  precaution. 
Taking  all  things  into  consideration,  we  doubt  whether  M.  Guyot 
can  make  much  profit  by  his  process  for  converting  old  shoes  into 
combs,  although,  by  putting  on  the  head  what  was  once  on  the  feet, 
he  may,  in  one  sense,  be  said  to  make  both  ends  meet. — Mech,  Mag. 

Water- proof  Fabrics. — M.  Neuman  has  discovered  a  new  way 
of  water-proofing,  or,  rather,  of  making  fabrics  impermeable  to 
water.  The  operation  is  simple,  but  it  must  be  carried  on  with 
care,  or  the  fabric  will  be  ruined.  It  consists  in  submitting  the 
tissue  it  is  wished  to  make  impermeable  to  the  action  of  moderately 
strong  sulphuric  acid  (57°  Baume)  for  a  space  of  time  varying  from 
a  second  or  two  to  two  minutes,  according  to  the  nature  of  the 
fabric.  By  the  action  of  the  acid  the  fibres,  whether  of  wool  or 
cotton,  are  superficially  decomposed  into  a  glutinous  material.  As 
soon  as  this  has  happened  (the  time  required  must  be  found  by 
experiment)  the  fabric  is  passed  rapidly  through  water,  and  well 
rinsed  and  finally  dried,  first  in  the  air  and  then  over  cylinders. 
The  glutinous  matter  will,  of  course,  fill  up  all  spaces  betw^een  the 
threads,  and  no  doubt  the  fabric  will  be  made  impermeable.  An- 
other way  of  effecting  the  same  object  is  to  completely  dissolve 
cotton  or  linen  in  sulphuric  acid,  and  spread  the  solution  over  the 
fabric  either  by  means  of  cylinders  or  a  brush.  Calendering  seems 
to  be  advisable  in  both  cases. — Mech.  Mag. 

Naphtha  as  Fuel. — The  attempts  to  employ  naphtha  as  fuel 
have  at  length  proved  successful.  On  July  31st  a  train  arrived 
safely  in  Kutschujan,  81  versts  from  Charkoff,  whose  engine  was 
heated  with  raw  naphtha  instead  of  coals.  The  honor  of  the  inven- 
tion is  ascribed  to  the  mining  engineer  Portski. — Mech.  Mag. 

Mr.  James  Young,  so  well  known  in  connection  with  the 
paraffine  industry,  has  presented  10,000  guineas  to  Anderson's  Uni- 
VoL.  LVIII.— Third  Series.— No.  5.— November,  1869.        88 
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versity,  Glasgow,  for  the  purpose  of  founding  a  chair  of  technical 
chemistry,  and  establishing  bursaries,  scholarships,  &c.  Mr.  W.  H. 
Perkin,  F.E.  S.,  who,  it  will  be  remembered,  delivered  a  course  of 
Cantor  lectures  before  the  members  of  the  Society  of  Arts  during 
the  last  session,  has  been  appointed  the  first  professor. — Chem.  News. 

Oxygen  Manufactured  on  the  Large  Scale.— The  works  for 
this  purpose,  at  thfe  foot  of  Forty-first  Street,  New  York,  are  at  last 
in  successful  operation.  They  occupy  a  lot  2,000  feet  square,  and 
consist  of  retort-houses,  engine-rooms,  store-house  and  office,  air- 
pumps  for  compressing  gas  in  cylinders,  and  a  gas-holder  of  26,000 
cubic  feet  capacity. 

In  the  accounts  heretofore  published  by  the  inventors  of  this 
process  in  the  French  journals,  and  copied  in  the  English  and 
American  ones,  an  incorrect  account  has  been  given  of  its  opera- 
tion. The  following  is,  however,  the  accurate  description,  as  we 
learn  from  the  American  Artizan: — 

"  The  essential  or  characteristic  portions  of  the  process  are  car- 
ried on  by  the  aid  of  brick  furnaces,  of  which  only  one  was  in 
operation  at  the  time  of  our  visit,  several  others  being,  however, 
rapidly  put  up  and  fitted  for  use.  Each  furnace  has  its  fire-box  so 
arranged  as  not  only  to  heat  the  retort  which  holds  the  manganate. 
of  soda  (the  vehicle  through  which  the  process  is  carried  on),  but 
also  one  or  more  chambers  through  which  an  air-blast  passes  to  the 
retort.  The  retort,  furthermore,  communicates,  by  a  pipe  furnished 
with  stop-cocks,  with  a  suitable  steam  boiler.  The  process  is  car- 
ried on  as  follows : — About  600  pounds  of  manganate  of  soda  are 
placed  in  the  retort,  heated  to  the  requisite  degree  in  the  furnace ; 
superheated  steam  from  the  boiler  is  then  admitted  for  about  ten 
minutes.  Two  equivalents  of  the  manganate  of  soda  and  two  of 
water  react  upon  each  other,  as  indicated  by  the  formula : 

2  (Mn  O3,  Na  0)  +  2  (HO)  «  2  (Na  O,  HO)  +  Mn^,  O3  +  O3. 
In  other  words,  the  water  combines  with  the  soda  of  the  manganate 
to  form  a  hydrate  of  soda.  The  manganic  acid  is  changed  to  ses- 
quioxide  of  manganese,  containing  only  half  the  proportion  of 
oxygen,  and  the  other  half  of  the  latter  passes  off  in  a  free  condi- 
tion. At  the  conclusion  of  this  part  of  the  process,  the  steam  is 
shut  off,  and  the  superheated  air  is  admitted  for  about  fifteen 
minutes,  whereupon  the  sesquioxide  combines  with  more  oxygen 
from  the  air,  and  is  converted  back  into  its  original  form  of  man- 
ganic acid,  which,  of  course,  resumes  its  former  relation  to  the  soda, 
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reconstitutiDg  manganate  of  soda,  ready  for  a  repetition  of  the  pro- 
cess. In  forcing  the  air  to  the  apparatus,  a  steam  pumping-engine 
is  used,  noticeable  for  the  manner  in  which  friction  gearing  is  applied 
to  transmit  power  from  the  engine  to  the  air-forcing  pumps,  with- 
out the  jar  incident  to  the  use  of  cogged  wheels.  The  air-blast 
passes  first  through  cylindrical  vessels  containing  caustic  soda,  by 
which  its  carbonic  acid  is  removed,  and  thence  through  the  super- 
heating chamber  previously  mentioned,  to  the  retort.  The  retort 
is  never  opened,  as  the  material  shows  no  signs  of  deterioration  by 
by  use.  That  in  the  retort  at  the  time  of  our  visit  was  tested  con- 
tinuously for  six  months  before  being  brought  to  this  country,  and 
has  been  in  constant  use  for  six  weeks  past,  the  period  during 
which  the  works  have  been  in  constant  operation.  As  the  oxygen 
leaves  the  retort  it  passes  through  a  suitable  meter,  which  registers 
the  quantity,  and  thence  to  the  gasometer,  which,  at  the  present 
time,  contains  25,000  feet  of  oxygen  gas,  much  purer  than  is  re- 
quired for  most  of  the  purposes  for  which  it  is  to  be  employed." 

The  retorts  in  each  furnace  are  charged  with  700  pounds  of  per- 
manganate of  soda,  and  by  the  consumption  of  2  chaldrons  of  coke, 
and  with  the  labor  of  3  men,  25,000  cubic  feet  of  oxygen  is  made 
per  day;  and  as  only  a  portion  of  this  amount  can,  as  yet,  be 
disposed  of,  a  vast  quantity  is  blown  off  into  the  air.  It  is  stated, 
that  at  a  price  of  2  cents  per  cubic  foot,  a  good  margin  would  be 
left  for  profit,  were  the  demand  sufficient  to  utilize  the  capacity  of 
the  works;  but  the  present  selling  price  is  5  cents  per  cubic  foot, 
compressed  in  reservoirs  up  to  a  presure  of  250  pounds  per  square 
inch. 

We  employed  a  quantity  of  this  gas  for  some  experiments  lately, 
and  found  it  of  excellent  quality.  It  is  already,  .we  hear,  in  use  to 
light  up  shop- windows  in  several  places  in  New  York,  and  we  hope 
soon  to  record  its  application  on  one  of  our  great  coal-carrying 
railroads,  on  a  very  extensive  scale.  The  experiments  in  that 
direction  having  been  very  satisfactory. 

Photographs  of  Nobert'S  Bands. — In  Silliman's  Journal  we 
have  a  paper  by  Dr.  Woodward,  who  has  so  distinguished  himself 
by  his  micro-photographic  results,  describing  his  success  in  photo- 
graphing a  new  plate  by  Nobert,  containing  19  bands  with  a  ^^ 
objective,  by  Powel  &  Leland.  No  lens,  previously,  had  been  able 
to  resolve  the  lines  in  these  bands  beyond  the  15th. 

Photographing  Without  a  Lens,  or  the  method  adopted  by 
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Mr.  James  Thomson,  of  Glasgow,  to  photograph  the  bodily  organs 
of  fossil  corals.  Each  of  these  fossil  corals  is  nearly  as  large  as  a 
hen's  egg,  and  Mr.  Thomson,  it  will  be  remembered,  cut  a  thin 
slice  out  of  the  centre  of  each  coral,  and  then  ground  down  and 
polished  the  stone  slice  till  it  became  thin  and  translucent  enough 
to  be  used  as  a  negative  from  which  to  take  photographic  prints  on 
paper.  When  he  exhibited  these  valuable  photographs  at  the  Bri- 
tish Association  at  Norwich,  last  year,  Mr.  W.  11.  Harrison  recom- 
mended him  to  have  them  copied  in  future  by  the  permanent  carbon 
process. .  Mr.  Thomson,  in  consequence,  went  to  Newcastle-on-Tyne, 
saw  Mr.  Joseph  W.Swan,  the  patentee  of  the  chief  Carbon  process, 
and  made  arrangements  for  a  large  supply  of  permanent  photo- 
graphs from  the  stone  negatives.  Some  of  these  carbon  prints 
were  exhibited  at  Exeter,  and  met  with  much  approval.  Mr. 
Thomson  says  that  he  and  Mr.  Swan  are  now  trying  experiments 
upon  a  new  process,  which  they  hope  will  result  in  the  production 
of  blocks  from  the  coral  sections  which  can  be  used  in  the  common 
printing  press,  to  print  from  in  printing  ink. — Mech.  Mag. 

Socksalt  Prisms. — Mr.  C.  Brooks,  F.E.  S.,  narrated  to  Section 
A,  how  he  and  Mr.  Browning,  the  optician,  had  tried  to  make  rock- 
salt  prisms  for  use  in  a  heat  spectroscope.  Supposing  the  base  of 
the  prism  to  be  parallel  to  the  line  of  cleavage  of  the  crystal,  it  was 
found  that  in  nearly  every  instance  the  apex  of  prism  split  oflf,  and 
that,  as  a  rule,  long  before  the  apex  had  been  ground  down  to  any- 
thing like  a  sharp  edge.  They  therefore  thought  they  would  try 
the  influence  of  annealing  upon  the  crystal,  so  put  one  of  them  in 
a  tin  box  full  enough  of  sand  to  well  cover  the  piece  of  rocksalt, 
and  with  a  slow  and  gradual  increase  of  heat,  brought  it  in  the 
course  of  a  few  hours  to  a  very  high  temperature.  It  was  then 
allowed  to  cool  very  slowly  indeed.  The  result  of  this  treatment 
was  to  produce  pieces  of  rocksalt  which  could  be  ground  into  prisms 
without  much  danger  of  the  splitting  of  the  crystal. — Mech.  Mag. 

Selective  Reflection. — During  the  visit  of  the  British  Associa- 
tion to  Exeter,  several  novelties  of  interest  relating  to  light  and 
optics  were  brought  under  the  notice  of  the  members.  One  of  the 
principal  of  the  discoveries  was  made  known  by  Prof.  Gustav  Mag- 
nus, who  found  out,  by  experiment,  that  fluorspar  reflects  the 
waves  of  ether  thrown  off  by  hot  rocksalt  more  than  any  other 
polished  surface  out  of  the  very  large  list  of  substances  which  he 
tried.    Hence,  if  these  long  weaves  were  visible  to  the  eye,  fluor- 
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spar  would  sparkle  more  brilliantly  in  such  rays  than  would  the 
polished  surfaces  of  metals.  Dr.  Balfour  Stewart,  who  was  on  the 
platform  of  Section  A  during  the  reading  of  the  paper,  called  atten- 
tion to  some  experiments  of  his  own  made  a  few  years  ago,  tending 
to  prove  that  the  heat  rays  emitted  by  rocksalt  are  very  long  ones, 
belonging  almost  to  the  extremity  of  the  spectrum.  He  also  found 
out  that,  despite  the  general  transparency  of  rocksalt  to  obscure 
heat,  it  shows  great  opacity  to  the  heat  rays  emitted  by  a  second 
piece  of  its  own  substance. — Mech.  Mag. 

In  Bepeating  Tyndall's  Experiments  on  the  action  of  light 
on  vapors,  M.  Morren  found  out  that  even  the  purest  sulphuric  acid, 
quite  free  from  arsenic  and  other  foreign  substances,  liberates  traces 
of  sulphurous  acid  gas,  and  thereby  causes  the  formation  of  a  cloud. 
This  fact  shows  that,  in  some  cases,  this  method  of  experimenting 
is  a  very  delicate  test  for  the  presence  of  certain  chemical  sub- 
stances. Moreover,  the  discovery  made  by  M.  Morren  affects  a 
large  number  of  the  experiments  on  the  action  of  gases  upon  radi- 
ant heat  made  by  Prof.  Tyndall,  and  published  by  him  in  his  cele- 
brated work,  Heat  Considered  as  a  Mode  of  Motion.  In  all  those 
experiments  Dr.  Tyndall  dried  his  gases  by  means  of  powdered 
glass  and  sulphuric  acid,  so  that,  as  shown  by  M.  Morren,  traces  of 
sulphurous  acid  gas  must  always  have  been  present  in  his  experi- 
mental tube,  and  influencing  the  result  to  a  certain  extent. — Mech* 
Mag. 

Electrolytic  Iron. — Dr.  Jacobi  read  a  paper  before  the  British 
Association  on  the  electro-deposit  of  iron.  The  learned  Professor 
illustrated  his  remarks  by  a  series  of  plates  of  extreme  beauty. 
The  solution  from  which  the  metallic  iron  was  deposited  consisted 
of  a  double  salt,  the  sulphate  of  iron,  and  magnesia.  It  was  found 
desirable  to  coat  the  recipient  of  the  deposit  with  a  thin  film  of 
nickel  or  copper.  Specimens  illustrating  the  application  of  the 
electro-deposit  of  iron  to  purposes  of  engraving  (aided  by  photo- 
graphy) were  also  exhibited. — Mech.  Mag. 

Meteors. — Prof.  Newton,  a  distinguished  American  astronomer, 
in  the  course  of  a  speech  made  at  the  British  Association,  said  that 
observations  of  meteors  made  in  the  United  States  tended  to  prove 
that  the  November  meteors  burnt  up  at  a  much  higher  altitude  in 
the  air  than  the  August  meteors.  He  therefore  raised  the  question 
whether  the  resisting  medium  in  space  which  transmits  waves  of 
light  may  not  have  retarded  the  lighter  fragments  forming  the 
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meteoric  showers  more  than  it  retarded  the  heavy  substances.  If 
so,  it  might  be  possible  that  the  lighter  fragments  were  formed  of 
different  chemical  substances  to  the  heavier  ones,  and  so  burnt  up  at  a 
higher  altitude  in  consequence.  He  broached  this  question,  he 
said,  merely  as  a  passing  idea,  and  not  as  possessing  any  great 
weight.  Perhaps  the  spectroscope  may  hereafter  give  some  inform- 
ation upon  the  point. — Mech.  Mag. 

Duration  of  Electric  Dischai^es. — In  the  last  number  of 
SillimarCs  Journal^  we  notice  an  admirable  paper  by  Prof.  O.  N. 
Rood  on  the  above  subject.  His  apparatus,  in  general  arrange- 
ment, resembled  that  used  by  Wheatstone  in  his  remarkable  expe- 
riments for  determining  the  velocity  of  electric  conduction,  which 
were,  no  doubt,  the  basis  of  all  similar  processes  for  the  measure- 
ment of  extremely  small  intervals  of  time,  which  have  been  since 
devised. 

The  improvements  introduced  by  Prof.  Rood  consist  chiefly  in 
throwing  the  image  of  the  spark  elongated  by  the  rotating  mirror 
by  means  of  a  lens  on  a  plate  of  ground  or  polished  glass,  and  view- 
ing it  with  a  magnifying  lens. 

There  were,  beside,  various  ingenious  devices  in  the  details  of 
structure  and  arrangement  such  as  have  distinguished  other  investi- 
gations of  this  eminent  physicist.  As  a  result  of  various  experi- 
ments, Prof.  Rood  finds,  in  the  first  place,  that  the  discharge  from 
a  Leyden  jar  charged  by  an  induction  coil,  is  composed  of  three 
parts  or  successive  acts — a  white  flash,  a  brownish-yellow  gleam, 
and  a  fainter  and  more  lasting  glow,  which,  with  brass  electrodes, 
is  green,  and,  with  platina,  grey  in  color.  The  duration  of  the 
entire  phenomena  is  from  '000017  to  "000050  seconds — t.  e.,  17  to 
50  millionths  of  a  second.  The  duration  of  the  white  and  yellow 
light  together,  6  to  8  millionths,  and  the  duration  of  the  white 
flash  less  than  24  hundred  millionths  of  a  second. 

On  the  ''Meteoric  Shower"  of  the  Total  Eclipse  of 
August  7,  1869,  by  Prof.  Alfred  M.  Mayer.  In  the  reports  of 
Professors  Morton  and  Himes  on  the  Solar  Eclipse  of  August  7, 
there  appear  remarks  in  reference  to  the  appearance  on  the  camera 
plate,  of  the  telescope  at  Ottumwa,  of  bright  points  traversing  the 
field  of  view.  Other  unofficial  accounts,  given  in  the  Journal,  refer 
to  the  phenomenon  observed  at  other  stations. 

During  the  month  of  September,  1869, 1  was  engaged  in  running 
a  meridian  line  for  the  foundations  and  piers  of  the  Sayre  Obser- 


Digitized  by  VjOOQ IC 


r 


75?p 


Items  and  Novelties.  808 

vatory,  of  which  I  have  charge ;  and  on  the  afternoon  of  two  days, 
while  taking  altitudes  of  the  sun  with  a  theodolite,  I  observed 
bright,  star-like  points  rush  into  the  sun's  image  with  about  the 
apparent  velocity  of  shooting-stars.  The  similitude  to  a  meteoric 
shower  was  perfect,  even  to  the  trails  left  by  many,  while  others 
appeared  to  burn  out  before  they  reached  the  sun's  limb. 

The  display  was  so  artistic  that  I  called  my  assistant's  attention 
to  it  as  a  beautiful  pictorial  illustration  of  Mayer^s  theory  of  the 
maintenance  of  the  sun's  heat. 

I  immediately  referred  it  to  its  real  cause,  viz :  the  flights  of 
minute  insects  across  the  field  of  view.  The  supposition  was  con- 
firmed, on  withdrawing  my  eye  from  the  ocular,  by  observing  clouds 
of  minute  flies  or  midges,  with  thin  iridescent  wings,  flashing  in  the 
light  of  the  sun. 

Although  more  of  interest  to  naturalists  than  to  astronomers  I 
will  add  that  on  two  evenings  of  the  past  week  while  examining 
the  moon,  between  the  hours  of  8  and  11, 1  have  seen  birds  crossing 
the  moon's  image,  (which  entirely  covered  the  field  of  view,)  at  the 
rate  of  about  8  in  a  minute.     They  were  all  going  eastward. 

Errata  in  Prof.  Mayer's  Eeport  on  the  Eclipse  of  August  7, 1869. 
(See  October  number  of  Journal) 

Page  268,  line  14  from  bottom,  for  Plate  III.  read  Plate  II. 
top,  "  four  read  41. 

'*  **  sideral  read  sidereal. 

**  **  node  read  mode, 

bottom,    "  num&ra  read  umbra. 
"  "  occular  read  ocular, 

top,  "  40  read  50. 

«*  "  40  read  60. 

"  **  were  read  was. 

On  Plate  I.  dele  Instantaneous. 
On  Plate  III.  for  027  inch  read  -027  inch. 

Spectrum  of  the  Aurora,  Zodiacal  Light,  &c.— In  connec- 
tion with  the  observations  of  Prof.  Young,  during  the  late  eclipse, 
the  following  translation  from  a  few  paragraphs  in  the  text  accom- 
panying Angstrom's  chart  of  the  solar  spectrum  may  be  of 
interest. 

On  page  42,  he  says,  after  some  introductory  remarks:  "In  fact, 
during  the  winter  of  1867-8,  I  have  been  able  to  observe,  repeat- 
edly, the  spectrum  of  the  luminous  arc  bordering  the  obscure 
segment,  and  always  seen  during  the  feeble  auroras.  Its  light  is 
almost  monochromatic,  and  consists  of  a  single  brilliant  ray,  situ- 
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ated  to  the  left  of  the  well-known  group  of  calcium  lines.  By 
measuring  the  distance  from  this  group,  I  have  determined  the 
wave-length  of  this  ray,  which  is  found  equal  to  x=±=5567. 

Beside  this  ray,  of  which  the  intensity  is  relatively  great,  I  have 
observed,  also,  by  widening  the  slit  of  the  spectroscope,  traces  of 
three  lines  extending  almost  as  far  as  F. 

On  a  single  occasion,  when  the  luminous  arc  was  agitated  by  un- 
dulations which  changed  its  shape,  I  saw  regions  momentarily 
illuminated  by  certain  feeble  spectral  rays;  but,  taking  into  account 
the  intensity  of  these  rays,  I  would,  nevertheless,  say  that  the  light 
of  the  luminous  arc  is  sensibly  monochromatic. 

There  is  a  circumstance  which  gives  to  this  observation  of  the 
aurora  spectrum  a  much  greater  importance,  and,  indeed,  a  cosmi- 
cal  character. 

During  one  week  of  March,  1867,  I  succeeded  in  observing  this 
same  spectral  ray  in  the  zodiacal  light  which  then  presented  itself 
with  an  intensity  truly  extraordinary  for  the  latitude  of  Upsal. 

Finally,  when  during  a  starlight  night,  all  the  sky  was,  in  a 
certain  sense,  phosphorescent,  I  found  traces  of  it  in  the  feeble  light 
emitted  by  all  parts  of  the  firmament. 

A  very  notable  fact  is,  that  this  remarkable  ray  does  not 
correspond  with  any  of  the  known  rays  of  simple  or  compound 
gases,  so  far,  at  least,  as  I  have  studied  them  up  to  this  time. 

It  follows,  from  what  I  have  said,  that  an  intense  aurora,  such  as 
may  be  seen  above  the  polar  circle,  would  probably  give  a  more 
complicated  spectrum  than  that  which  I  have  found.  Granting 
this,  we  may  hope  that  an  opportunity  will  be  aflforded  of  explain- 
ing the  origin  of  the  rays  already  found,  and  the  nature  of  the  phe- 
nomenon itself.  Not  being  able  to  give  this  explanation  at  present, 
I  propose  to  return  to  it  at  another  time." 

Remarkable  Aerolite. — Dr.  Neumayer  recently  presented  a 
paper  to  the  Imperial  Academy  at  Berlin,  detailing  the  facts  relating 
to  the  fall  of  a  meteor  a  short  time  ago,  at  Kriihenburg.  The  fall 
took  place  in  the  day-time,  and  so  great  was  the  velocity  of  the 
mass,  that  it  buried  itself  two  feet  deep  in  the  sandstone  rock.  It 
was  dug  out  while  still  warm,  and  found  to  weigh  31 J  pounds.  So 
great  was  the  noise  caused  by  the  rushing  of  the  aerolite  at  planet- 
ary velocity  through  the  air,  that  it  unnerved  those  people  who 
stood  near  the  spot  where  it  fell,  and  the  sound  was  heard  over  a 
radius  of  thirteen  miles. — Mech,  Mag, 
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PUMPING  ENGINES. 

By  W.  M.  Hendebson,  Hydraulic  Engineer. 

This  subject  has  attracted  considerable  attention  in  the  columns 
of  the  Franklin  Institute  Journal^  dating  from  the  introductory  article 
on  "  Cornish  Pumping  Engines,"  published  in  the  July  number  of 
1868.  Up  to  the  present  time,  the  pre-eminence  then  claimed  for 
that  description  of  engine  has  been  successfully  maintained,  if,  in 
forming  an  opinion,  we  are  to  be  governed  by  the  fact  developed 
in  the  course  of  the  discussions  following  the  article  in  questiop. 
Throughout  the  several  papers  contributed,  it  has  been  generally 
conceded,  that  the  Cornish  Engine  must  invariably  be  superior  in 
economy  of  working,  theoretically  and  practically,  to  any  possible 
rotative  engine  for  pumping  purposes. 

Early  in  the  discussion  it  was  intimated  that  there  was  yet  an* 
other  engine,  based  upon  reciprocating  parts,  without  a  fly-wheel, 
which  possessed  the  capacity  of  rivaling  the  Cornish  in  its  best  re* 
suits,  without  the  requirements  of  magnitude  demanded  by  that 
engine.  The  mere  mention  of  such  an  engine,  however,  was  all 
the  information  that  could  be  gained  by  subsequent  solicitation 
from  the  author  of  that  remark.  Later  articles  in  reference  to  the 
same  engine,  which  have  appeared  in  the  columns  of  the  Journal^ 
show  a  reticence  in  regard  to  enlightening  us,  as  to  the  means  em^ 
ployed,  by  which  the  economical  results  claimed  are  to  be  obtained, 
or  any  disposition  to  describe  the  principles  upon  which  the  said 
engine  is  constructed.  There  should  not  exist  any  occasion  for  this, 
as  truth  will  be  rendered  more  lucid  by  investigation,  as  gold  is 
purified  by  the  searching  power  of  heat  in  the  crucible* 

The  economical  supply  of  water  to  large  cities  is  a  matter  at  all 
times  of  the  utmost  importance,  and  there  is  a  grave  responsibility 
attached  to  the  selection  of  a  pumping  engine,  when  the  quantity  of 
water  to  be  raised  is  counted  by  the  half  million  gallons  of  water 
per  hour.  We  should  not  be  blindly  led  by  theories  advanced  by 
interested  parties  in  favor  of  any  particular  description  of  engine, 
without  the  exercise  of  sound,  deliberate  judgment,  based  upon  the 
most  accurate  information  to  be  obtained.  Is  it  reasonable  to  expect 
that  we  shall  find  this  knowledge,  peculiar  to  the  mathematician 
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and  educated  engineer,  whose  whole  life  has  been  devoted  to  the 
study  of  problems,  kindred  to  this,  in  a  body  of  politicians  and 
other  gentlemen,  whose  talents  do  not  run  in  that  particular  direc- 
tion ?  There  will  always  be  a  certain  degree  of  importance  attached 
to  the  action  of  such  a  body,  however,  from  the  dignity  of  the  po- 
sition occupied,  their  recent  decision  to  retest  the  old  experiment  of 
low  expansion,  upon  a  high  scale,  has  prompted  the  inquiry  as  to 
whether  this  engine,  lately  ordered  by  them,  possesses  any  new 
features,  not  before  known,  whereby  the  great  merit  claimed  for  it 
in  point  of  economy,  has  any  existence  in  fact. 

In  the  absence  of  more  authenticated  information,  we  will  briefly 
review  the  apparent  points  governing  the  case,  prefacing  our  re- 
marks with  a  general  outline  of  the  construction  of  the  engines  al- 
luded to,  as  designed  for  the  new  water-works  now  building  at 
West  Philadelphia.  These  engines  will  be  a  duplicate  pair  of 
Duplex  engines,  containing  in  all  eight  steam  cylinders  and  four 
pumps,  each  pair  to  be  composed  of  two  distinct  engines,  arranged 
side  by  side,  and  calculated  to  work  at  right  angles,  or  at  quarter- 
stroke  to  each  other.  There  is  first  a  high  pressure  cylinder  of 
29  inches  diameter,  to  the  rear  of  which  is  bolted  a  low  pressure 
cylinder  of  50  inches  diameter,  a  single  piston  rod  passing  through 
both  is  continued  into  the  pump,  which  is  22  inches  diameter,  the 
stroke  of  all  being  4  feet.  The  latter  is  situated  in  front  of  the  high 
pressure  cylinders,  with  a  space  between  the  two,  to  allow  of  the 
working  of  a  double  bell  crank,  in  shape  of  an  inverted  T,  for  ope- 
rating the  engine  valves,  as  also  the  air-pumps ;  a  rock-shafl  passes 
through  the  head  of  the  T,  and  motion  is  communicated  to  the  tail 
of  the  same,  by  a  short  link,  driven  from  a  cross-head  pin,  secured 
to  the  centre  of  the  piston  rod,  playing  between  the  stuffing-boxes  of 
the  pump  and  high  pressure  cylinder ;  each  end  of  the  head  of  the 
T,  drives  a  single  acting  air-pump.  -These  are  placed  in  a  pit  imme- 
diately beneath  the  bell  cranks,  the  inner  ends  of  the  rock-shafts  are 
furnished  with  crank-arms,  from  which  rods  give  motion  to  upper 
rock-shafts  carrying  arms  for  giving  the  necessary  motion  to  the 
slide-valves.  These  rods  cross  each  other,  and  connect  to  the  upper 
rock-shafts  of  the  opposite  engine,  by  which  means  each  engine, 
having  the  necessary  position,  works  direct  the  slide-valves  of  its 
neighbor,  (a  motion  originally  invented  by  one  Jonathan  Dickson, 
about  thirty  years  ago).  Each  cylinder  is  provided  with  a  steam 
chest  and  slide-valve,  operated  by  a  valve-stem  common  to  both, 
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the  high  pressure  steam-chest  is  elevated  to  the  level  of  that  upon 
the  low  pressure  cylinder  by  strut  steam  ports,  a  steam  pipe  con- 
veys the  exhaust  steam  from  the  high  to  the  low  pressure  steam 
chest,  and  another  the  final  exhaust  from  the  latter  to  the  conden- 
ser, situated  in  the  air-pump  pit. 

The  steam  from  the  boiler  follows  full  stroke  in  the  high  pressure 
cylinder,  and  is  then  admitted  to  the  low  pressure  cylinder,  there 
to  act  by  expansion. 

It  will  be  at  once  apparent,  that  the  high  pressure  cylinder  be- 
comes the  measure  for  expansion,  being  in  fact  a  cut-oflF  cylinder 
for  the  other.  Were  we  to  expand  the  same  volume  of  steam  in 
a  single  cylinder,  having  an  area  equal  to  the  two  combined,  we 
would  produce  a  gain  of  mechanical  effect  equal  to  about  11 J  per 
cent,  above  that  obtained  by  the  combination,  besides  effecting  a 
largcsaving  of  exposed  condensing  surfaces.  To  render  this  more 
plain,  let  us  follow  the  action  of  the  steam  in  both  cases.  In  the 
combined  arrangement,  the  steam  acts  with  a  full  pressure  upon  the 
area  of  the  smaller  piston  from  the  commencement  to  the  end  of  its 
stroke,  at  the  same  time,  the  charge  from  the  previous  stroke  is 
admitted  to  the  low  pressure  cylinder.  But  as  the  steam  in  expand- 
ing within  this  cylinder,  reacts  with  a  back  pressure  upon  the  pis* 
ton  of  that  of  the  high  pressure,  seeing  that  a  communication  be- 
tween the  two  must  necessarily  be  kept  open,  the  effective  area  of 
the  expansion  cylinder  will  be  reduced  by  the  extent  of  area  pre- 
sented by  that  cylinder,  it  will  also  be  observed  that  as  the  expan- 
sion is  going  on,  the  high  pressure  piston  follows  it  up  completely 
to  the  end  of  the  stroke,  when  the  whole  of  the  steam  will  be  im- 
prisoned within  the  larger  cylinder.  By  comparing  the  relative 
capacities  of  these  two  cylinders,  we  shall  find  that  the  steam  will 
have  been  expanded  three  times,  corresponding  to  cutting-off  at  one- 
fourth  stroke,  in  a  single  cylinder,  whose  area  is  equal  to  the  ag- 
gregate of  the  two.  As  the  case  stands,  the  single  cylinder  will 
have  a  gain  of  mechanical  effect  over  its  rival  equal,  as  before 
stated,  to  about  11 J  per  cent.  On  the  other  hand,  the  compound 
engine  will  have  performed  its  work  with  a  marked  regularity  of 
motion^  consequent  upon  a  more  uniform  distribution  of  the  force 
employed,  as  made  known  to  us  by  Woolf  about  the  beginning  of 
the  present  century.  Economy  in  the  results  is  what  we  are  after, 
however.  An  engine  working  without  any  expansion  will  un- 
doubtedly work  more  steadily  than  either  of  them,  but  economy 
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will  be  exactly  in  proportion  to  the  number  of  times  tbe  steam  is 
expanded.  When  steam  is  admitted  throughout  the  whole  stroke, 
its  efficiency  is,  of  course,  equal  to  that  of  unity,  when  cut  off  at 
one-third  the  effect  will  be  as  1  is  to  2*099,  at  one-sixth  as  1  is  to 
2-792,  at  one-tenth  as  1  is  to  3*3. 

Again,  the  propriety  of  using  two  cylinders,  when  one  can  be 
made  to  answer,  is  open  to  serious  objections,  not  the  least  of  which 
are  increased  frictional,  and  condensing  surfaces,  sources  for  loss  of 
power,  which  all  intelligent  engineers  are  fully  alive  to.  But  for 
these,  and  other  inherent  objections,  afterwards  to  be  noticed,  we 
probably  have  the  reason  why  the  engine  gained  no  notoriety  in 
England,  the  country  where  its  essential  features  were  fully  devel- 
oped. There  are  cases  where  the  compound  principle  may  be  used 
with  advantage ;  as^  for  instance^  where  a  very  high  degree  of  ex- 
pansion is  required,  too  great  to  be  safely  employed  in  a  single 
cylinder,  awing  to  the  blow  which  would  be  given  to  the  piston 
by  the  introduction  of  highly  compressed  steam  when  cutting  off 
at  an  extremely  early  part  of  the  stroke.  In  such  a  case  the  prin- 
ciple is  clearly  admissable,  for  the  steam  has  then  two  cylinders  to 
expand  through,  and  the  cutting-off  point  in  the  first  one  need  not 
exceed  that  which  has  been  found  safe  in  practice. 

"Within  ordinary  limits  the  Cornish  beam  engine  will  be  found 
to  answer  all  requirements,  as  a  very  large  proportion  of  the  initial 
force  is  absorbed  in  overcoming  the  inertia  of  the  heavy  beam, 
which  thus  becomes  a  reservoir  of  surplus  force,  to  be  given  out 
during  the  latter  part  of  the  stroke  when  the  steam  is  atten- 
uated by  expansion,  the  result  is  that  a  comparatively  steady 
velocity  is  maintained  throughout,  much  to  the  advantage  of  the 
engine,  as  well  as  to  the  operation  of  the  pump.  The  whole  secret 
of  successful  working  lies  in  the  proportioning  of  the  gravity  of  the 
moving  mass,  in  accordance  with  the  degree  of  expansion  employed. 
As  an  instance  pointing  conclusively  to  the  importance  attached  to 
this  matter,  I  would  state  a  case  where  two  large  expansive  en- 
gines, of  nearly  the  same  size,  working  near  each  other,  one  of 
which  had  an  open  net  work  beam  weighing  about  30  tons,  the 
other  a  strong  heavy  beam  of  45  tons  weight,  the  difference  of  the 
working  of  the  two  was  very  perceptible,  while  the  duty  performed 
by  that  possessing  the  heavy  beam  was  nearly  five  million  pounds 
greater  than  the  other. 

Returning  to  the  subject  of  compound  engines,  we  are  reminded 
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of  an  argument  advanced  \>j  some,  that  the  great  economy 
ing  their  use,  has  been  found  to  proceed  from  the  fact  of  th( 
being  used  twice  over,  In  answer  to  this  remarkable  state 
would  simply  add,  that  the  feat  of  expending  a  dollar,  and  i 
taining  it,  has  never  yet  been  successfully  accomplished, 
person  possessed  with  sufficient  intelligence  to  comprehe 
nature  of  the  case,  must  be  at  once  impressed  with  the  fad 
duplication  of  frictional  resistance,  and  extension  of  condensi 
faces,  should  never  be  resorted  to,  without  some  special  obj( 
a  clear  proof  that  the  adopted  evils  will  be  counterbalance 
greater  gain  accruing  from  the  innovation  itself.  And  tl 
must  be  one  of  economy,  not  economy  of  first  cost,  but  < 
which  is  the  true  standard  by  which  the  worth  of  any  su 
chine  must  ultimately  be  estimated.  The  true  expense  of  an 
is  the  original  price,  added  to  its  annual  cost,  capitalized 
twenty  years  purchase.  To  make  the  most  out  of  the  fu( 
becomes  our  imperative  duty,  and  this,  it  has  been  decided,  ci 
be  done  by  using  the  steam  with  as  high  a  degree  of  expar 
can  be  safely  obtained.  The  expanding  of  steam  three  timci 
such  an  extreme  case,  as  to  require  two  cylinders  to  accomj 
On  the  contrary,  it  is  far  short  of  the  limit  to  which  the  pi 
has  been  extended  in  the  single  cylinder  of  the  Cornish  ] 
Many  of  these  work  regularly  cutting  off  at  one-sixth 
stroke,  and  that,  too,  with  the  attraction  of  gravity  acting  i 
favor,  by  doing  actual  work,  instead  of  grinding  along  an 
plane  of  horizontal  obstacles.^ 

It  may  be  argued  that  the  rate  of  exjiansion  is  not  lin 
cutting  off  at  one-third  of  the  stroke,  as  in  this  case,  but  may 
tended  to  any  point,  by  increasing  the  initial  pressure  of  the 
together  with  the  diameter  of  the  low  pressure  cylinder, 
manner  of  testing  the  expansive  principle  of  steam,  by  inc 
the  area  instead  of  the  length  of  the  cylinder,  as  has  been 
fore  the  practice,  possesses  at  least  the  merit  of  novelty.  1 
one  objection  to  it,  however,  of  rather  a  serious  nature,  and 
the  great  loss  sustained  by  condensation,  which  will  occui 
moment  the  steam  passes  from  the  high  to  the  low  pressure  cj 

*  In  one  case  where  a  duty  was  recorded  of  128,000,000  of  pounds  c 
raised  one  foot  high  by  the  consumption  of  112  pounds  of  coal,  the  stoan: 
off  about  one-tenth  or  one- twelfth  of  the  stroke,  while  in  Woolf 's  combin 
der  engines,  the  steam  has  been  expanded  us  high  as  twenty  times. 
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Here,  it  is  manifest,  a  very  sudden  expansion  takes  place,  by  the 
steam  having  to  dijQFuse  itself  over  a  greatly  increased  area.  In 
the  present  case  this  area  is  three  times  greater  than  that  which 
confined  the  steam  an  instant  before.  Steam,  expanding  in  this 
manner,  is  always  accompanied  by  a  fall  of  temperature  due  to  the 
disappearance  of  heat  in  overcoming  the  cohesion  of  the  vapor  par- 
ticles, producing  liquefaction,  and  this  will  be  continued  to  the  end 
of  the  stroke,  partly  from  the  abstraction  and  conduction  of  heat 
by  the  metal  of  the  cylinder  itself,  assuming  temperatures  inter- 
mediate between  those  of  the  steam  at  the  beginning,  and  at  the  end 
of  expansion,  as  well  as  from  the  effect  due  to  the  expansion  of  the 
steam,  in  doing  the  work  of  driving  the  piston. 

The  quantity  of  steam  liquefied  at  the  early  part  of  the  stroke, 
from  the  cause  stated,  may  be  greater  than  that  due  to  the  expan- 
sive working  of  the  piston,  especially  as  each  end  of  the  cylinder 
has  become  thoroughly  chilled  from  contact  with  the  frigorific  in- 
fluence of  the  condenser,  just  before  the  charge  of  steam  is  let  in 
from  the  cut-ofi"  cylinder. 

It  is  plain  any  increase  of  diameter  of  the  low  pressure  cylinder, 
for  the  purposes  mentioned,  but  increases  the  evil  pro-ratio  as  the 
square,  and  that  any  considerable  change  in  the  relative  diameters 
of  the  two  cylinders,  will  seriously  affect  the  one  prominent  feature 
possessed,  i.e.,  the  uniformity  of  present  effect. 

Besides  this  internal  condensation,  there  is  yet  to  be  added  that 
produced  by  the  increased  surface  exposed  to  external  condensation, 
two  cylinders  in  place  of  one,  with  an  extra  steam  chest,  strut  steam 
ports,  and  a  long  steam  pipe  for  conveying  the  steam  from  the  ex- 
treme end  of  one  cylinder  to  the  other.  This  excess  of  external 
condensing  surfaces,  it  is  estimated,  will  be  about  40  per  cent,  above 
that  of  the  single  cylinder  arrangement.  "What  the  sum  total  of 
these  losses  will  amount  to  it  would  be  diflBcult  to  determine,  but 
that  they  are  of  a  ruinous  nature  is  very  apparent,  and  must  con- 
sume a  considerable  amount  of  coal  to  be  maintained. 

"While  upon  this  subject,  I  would  like  to  draw  attention  to  a 
statement  made  by  Mr.  Lean,  in  his  report,  upon  the  engines  in 
Cornwall,  compiled  at  the  request  of  the  British  Association  for 
the  Advancement  of  Science.  "  The  duty  of  the  best  pumping  en- 
gines in  Cornwall  far  exceeds  what  could  be  effected,  were  it  even 
possible  to  apply  the  force  of  the  steam  immediately  to  the  water, 
unincumbered  by  the  friction  and  imperfection  of  machinery,  or  the 
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loss  arising  from  accidental  condensation."  This  remarkable  state- 
ment is  perfectly  valid,  when  we  bring  forward  the  great  gain  de- 
rived from  the  expansion  of  the  steam  in  the  Cornish  Engine.  Sup- 
posing that  the  force  of  the  steam  could  be  applied  directly  to  the 
water  in  the  suction  pipe,  that  there  shall  be  no  loss  by  condensa- 
tion, and  a  perfect  vacuum  maintained  above  the  column  of  water 
to  be  lifted,  then  allowing  that  112  pounds  of  coal  will  convert  15 
cubic  feet  of  water  into  steam  of  50  pounds  pressure  to  the  square 
inch,  which  is  equal  to  an  evaporation  of  8*37  pounds  of  water  per 
pound  of  coal  (the  best  Welsh  coal  will  evaporate  9*5  pounds).  At 
this  pressure  the  volume  of  steam,  compared  to  that  of  the  water, 
from  which  it  is  generated,  is  435  times  greater.  Then  15  X  435 
=6525  cubic  feet  of  steam  X  144  square  inches,  and  by  50  pounds 
pressure  =  47,000,000,  about  one-half  only  of  the  duty  performed 
by  the  best  engines  in  Cornwall,  as  will  be  seen  by  referring  to  the 
figures  below. 

By  the  advantages  offered  in  the  expansive  principle  of  steam, 
we  are  enabled  to  overcome  all  the  defects  incurred  from  friction, 
and  imperfection  of  the  machinery,  together  with  the  losses  arising 
from  the  accidental  leakage  of  the  valves  and  connections,  with  the 
attending  condensation,  and  still  double  upon  the  theoretical  effect 
that  would  be  produced  by  using  steam  non-expansively. 

Tabular  Duty  of  Cornish  Pumping  Engines, 

Fowey  Consuls 60  inch 180»2  M. 

Holmbush 80     "    122-4  M. 

East  London  Water-works 10o-7  M. 

The  average  duty  of  the  whole  year  1855,  as  given  in  Brown's 
report : — 

Austin's 80-incb at  Fowey  Conbule 98-6  M. 

Treffry'g "      at  Par  Consuls 98  6  M. 

Darlington's **      at  Groat  Polgooth 93-9  M. 

The  highest  duty  ever  recorded  for  any  continuous  period  has 
been  awarded  to  Taylor's  80-inch  at  the  United  Mines  in  Gwennap, 
viz:  128  M. 

The  average  duty  of  fifteen  engines  at  the  Cornish  Mines,  taken 
monthly  for  a  whole  year,  was  70  M.,  which  is  also  the  average 
duty  of  the  best  Cornish  Engines  belonging  to  the  London  Water- 
works.    I  would  here  reiterate  a  statement  made  at  the  conclusion 
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of  my  previous  article  on  "  Cornish  Pumping  Engines,"  that  any 
improvement,  looking  to  further  economy,  above  that  afforded  by 
that  class,  may  be  found  in  the  possible  adaptation  of  the  compound 
principle,  applied  to  the  Cornish  type.  At  some  future  day,  I  may 
call  attention  to  the  design  of  such  an  engine,  should  my  daily 
labors  permit. 

The  above  list  of  the  duty  performed  by  the  Cornish  Engines  re- 
ferred to,  is  respectfully  offered  as  a  matter  for  comparison  in  the 
forthcoming  test  of  this  other  engine,  based  upon  reciprocating 
parts,  without  a  fly-wheel,  which,  it  is  claimed,  has  the  capacity  of 
rivaling  the  Cornish  in  its  best  results. 

Philadelphia  Hydraulic  Works,  Oct.  Ist,  1869. 


Casting  Cylinders  for  Pneumatic  Piles  to  be  used  in  the 
Omaha  and  Leavenworth  Bridges.  In  a  letter  just  received  from 
Mr.  Robert  Cartwright,  of  the  Boomer  Bridge  Works,  Chicago,  he 
says  as  follows : — 

"  "We  have  made  132  piles  in  all,  and  have  only  lost  two  during  the 
time.  Yesterday  we  made  the  101st  perfect  cylinder  consecutively^ 
one  each  working  day.  The  cylinders  are  If  inch  thick,  8  feet  6 
inches  diameter  and  10  feet  long.  By  the  process,  it  is  simply  im- 
possible to  have  them  of  unequal  thickness.  In  the  arrangement 
of  the  moulds,  I  am  enabled  to  cast  them  without  having  to  replace 
the  brick  of  mould.  By  simply  putting  on  fresh  loam  on  the  brick 
mould  (which  is  well  vented)  I  get  a  smooth  exterior,  the  cj'linder 
generally  coming  out  of  the  mould  and  leaving  it  as  perfect  as  be- 
fore iron  was  poured  in.  The  core  barrel  is  usually  all  drawn  out 
in  an  hour  after  the  casting  is  poured.  We  cast  at  5  P.  M.  and  lift 
cylinder  out  at  7  A.  m.  next  morning.  We  make  them  without 
sinking  head  and  have  no  trouble  in  getting  them  perfect.  By 
means  of  a  shaft  and  tunnel  to  moulds,  the  casting  is  cooled  rapidly, 
and  the  core  being  removed  so  soon,  the  strain  resulting  from 
shrink  is  entirely  obviated,  none  of  them  ever  having  shown  the 
least  sign  of  a  crack,  or  an  alteration  of  shape  from  a  perfect  circle. 
The  greatest  variation  of  diameter  we  ever  had  was  -j^^  inch,  and 
that  was  during  the  first  products  of  the  moulds,  until  we  got  the 
right  allowance  for  ferro-static  pressure.'* 

This  letter  was  accompanied  by  several  very  interesting  photo- 
graphs, one  showing  a  train  of  twelve  long  cars  each  carrying  one 
of  these  tubes,  and  reaching  from  the  foreground  into  the  dim  dis- 
tance. 
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BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 

(CoDtinued  from  page  239.) 

Paper  Belting. 

The  Messrs.  Crane  Bros.,  of  Westfleld,  Mass.,  who  manufacture 
Crane's  Patent  Paper  Belting,  have  kindly  furnished  me  with  the 
following  facts  concerning  their  new  fabric  for  driving  belts.  "  Our 
belts  are  manufactured  from  pure  linen  stock,  and  can  be  made  of 
any  desired  thickness,  width  and  length;  we  guarantee  equal  driving 
power  from  equal  surface,  as  from  leather  or  gum,  and  we  recom- 
mend them  only  for  straight  and  unshifted  belts,  making  none  less 
than  five  inches  wide.  They  will  not  stretch  nor  change  shape, 
and  being  made  all  in  one  piece,  of  even  thickness,  will  run  smoothly 
and  straight.  We  have  proved  them  equal  in  durability  with 
leather,  and  equal  also  in  strength,  where  they  have  been  arranged 
for  one  to  pull  against  the  other.  They  adhere  to  the  pulleys  very 
closely,  and  generate  no  electricity  while  running.  They  are  quite 
flexible,  and  do  not  crack  in  passing  over  pulleys  even  as  small  as 
six  inches  in  diameter.  They  are  not  affected  by  heat  at  ordinary 
temperatures,  nor  by  dust  or  oil,  but  will  not  run  in  water ;  being 
very  tough,  they  would  answer  a  good  purpose  for  elevator  belts, 
holding  the  bolts  well  and  running  in  a  direct  line  without  swing- 
ing from  side  to  side. 

"  Compounds  similar  to  those  used  for  stuffing  leather  belts,  or 
black  lead,  mixed  with  sperm  oil,  are  very  good  to  apply  to  our 
belts,  when  dry  and  slipping. 

"  For  endless  and  for  heavy  helts^  our  belting  material  is  not  to  be 

surpassed,  and  when  fitted  to  the  pulleys  at  the  proper  length,  it 

must  remain  so  until  worn  out.    It  is  40  per  cent,  cheaper  than 

leather,  and  for  all  heavy  and  expensive  belts  must  come  into 

general  use." 

Directions  for  Lacimj  Paper  Belting. 

'*For  narrow  belts  butt  the  two  ends  together,  make  two  rows  of 
holes  in  each  end  (thus  obtaining  a  double  hold),  and  lace  with 
lacing  leather,  as  here  shown. 

"For  wide  belts,  where  extra  strength  is  required,  rivet  pieces 
equal  in  length  to  width  of  belt  on  back  of  ^ch  end,  and  make  the 
connection  with  lacing,  as  before.     This  belting  should,  in  all  cases, 
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be  put  on  by  the  use  of  clamps,  secured  firmly  to  each  end  of  the 
belt,  and  drawn  together  by  bolts  running  parallel  with  and  outside 
the  edge  of  the  belt,  making  no  allowance  for  stretch. 


Wide  belts,  in  dry  places,  can  best  be  connected  with  Wilson's 
Belt  Hooks,  riveting  down  the  teeth,  thus  making  a  connection 
that  will  not  wear  out." 

We  present  some  facts  derived  from  testimonials  furnished  to 
the  makers  of  the  paper  belting. 

One  party  says  the  15-inch  paper  belt  gives  us  entire  satisfac- 
tion; it  drives  all  our  machinery  with  perfect  ease;  runs  very 
straight,  without  any  swaying  or  sagging;  is  not  affected  by  tem- 
perature ;  and  there  are  no  indications  of  electricity,  which  we  con- 
sider a  great  gain. 

Another  party  have  a  15-inch  belt,  70  feet  long,  in  use  during 
15  months ;  the  surface  next  to  pulley  is  hardly  marked,  and  shows 
no  indications  of  wear ;  belt  not  touched,  since  first  put  on,  for 
repairs  of  any  kind. 

Another  party  says :  "  We  have  been  using  one  of  your  14-incli 
Paper  Belts  for  the  last  4  months  to  drive  a  paper  engine,  which 
requires  about  13  horse-power.  It  works  to  our  entire  satisfac- 
tion, and  gives  us  less  trouble  than  any  other  belt  in  the  mill." 

Another  party  has  in  use  a  paper  belt  12  inches  wide,  60  feet 
long,  and  runs  from  the  fly-wheel  of  a  25  horse-power  engine  to  a 
pulley  on  line  shaft,  driving  machinery  which  nearly  exhausts  the 
power  of  the  engine.  It  gives  equal  satisfaction  with  a  leather  belt 
formerly  used  in  same  place.  A  narrower  and  shorter  belt,  crossed 
also,  has  done  quite  as  well  as  a  leather  belt  under  like  circum- 
stances. 

Another  party  have  thoroughly  tested  the  paper  belt,  and  are 
entirely  satisfied  therewith.  The  belts  are  12  inches  wide ;  one  120 
feet  long,  the  other  92  feet;  they  do  not  stretch  or  slip. 

Another  party  says:  "  The  Paper  Belt  continues  to  give  good 
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satisfaction;  it  has  already  been  at  work  on  our  engine  as  long  as 
the  majority  of  leather  belts  last  in  the  same  place,  and  as  yet  we 
can  see  no  signs  of  wear.  It  does  not  stretch  nor  slip,  and  running  in 
the  open  air,  as  it  does,  it  saves  us  a  great  deal  of  trouble  which  we 
have  had  heretofore  with  a  leather  belt.  Having  had  a  great  deal 
of  experience,  we  do  not  hesitate  in  saying  that  the  Paper  is  a  supe- 
rior Belt." 

Belts  and  Pulleys. 

**  We  would  not  venture  to  prophesy  that  belts  will  continue  for 
ever  in  general  use,  especially  if  made  of  leather,  in  the  old  way. 
Nor  is  our  faith  in  the  perpetuity  of  small  pulleys  very  resolute. 
Bobertson's  frictional  gearing  seems  to  work  more  steadily  than 
belts ;  but  if  pulleys  are  large,  the  friction  of  their  faces  against 
each  other  is  suflBcient  for  most  work,  and  they  will  run  with  less 
power  than  belts  or  Bobertson's  gearing.  To  make  pulleys  work 
well  against  each  other,  they  must  be  turned  with  more  truth  than 
is  usual ;  and  the  shafting  must  be  better  lined ;  and  there  must  be 
something  elastic  in  the  journal-boxes,  such  as  a  little  rubber,  to 
press  the  pulleys  together. 

/  "  The  vibration  or  chattering  of  lathes  is  probably  due  to  the 
spring  of  the  belts,  more  than  to  the  spring  of  the  metal  of  the 
lathes.  So  far  as  this  is  the  case,  the  frictional  gearing,  of  either 
kind,  will  get  rid  of  it. 

"  In  driving  fans  there  is  frequent  trouble  with  belts,  and  there 
is  more  expense  than  need  be;  and  the  noise  and  vibration  are  evi- 
dences of  serious  imperfection,  which,  perhaps,  is  unavoidable  when 
a  soft  material  is  used  that  cannot  have  an  exact  shape. 

"A  friend  of  ours  proposes  to  use  steel  belts  for  certain  cases, 
such  as  fans.  The  steel  must  be  welded  perfectly,  and  must  be  of 
mild  quality,  and  the  pulleys  must  be  large,  to  make  them  work 
well.  Steel  belts  would  run  with  less  power  than  leather,  because 
the  power  exerted  in  bending  them  would  be  restored  when  they 
straightened  themselves;  but  leather  does  not  return  much  of  the 
power  required  to  bend  it  around  the  pulley."  *  *  *  Amer, 
Artizan,  Aug.  2,  '65,  p.  201. 

Leather  Belts. 

'*  A  friend  of  ours  who  has  had  experience  in  tanning  leather  for 
belts,  and  has  conversed  about  belts  with  many  machinists,  and  is 
familiar  with  their  experience,  assures  us  that  the  adhesion  of  belts 
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is  much  better  when  the  hair  side  is  against  the  pulleys,  and  that 
the  belt  used  in  this  way  is  more  durable.  The  belt  will  not  crack 
on  the  flesh  side  so  readily  as  on  the  hair  side,  and  seldom  cracks 
at  all,  if  the  hair  side  is  against  the  pulley.  He  has  known  cases 
in  which  belts  slipped  and  would  not  do  the  work  required  of  them 
when  the  flesh  side  was  against  the  pulley ;  but  when  they  were 
turned  hair  side  to  the  pulleys  they  ceased  to  slip,  and  did  much 
more  work  than  they  could  do  with  the  flesh  side  to  the  pulleys. 
His  theory  is,  that  the  belt,  as  well  as  the  pulley,  adheres  best  when 
smooth,  and  the  hair  side  adheres  best  because  it  is  smoothest." — 
A7n,  Artizariy  Aug.  16,  '05,  p.  234. 

Belts, 

"  The  effective  radius  of  a  pulley  is  equal  to  the  radius  of  the 
pulley  added  to  one-half  the  thickness  of  the  belt. 

''  In  ordinary  cases  a  belt  will  last  about  three  years. 

*' Leather  belts  must  be  well  protected  against  water,  and  even 
moisture. 

''  India  rubber  is  the  proper  substance  for  belts  exposed  to  the 
weather,  as  it  does  not  absorb  moisture  and  stretch  and  decay. 

"  It  is  quite  probable  that  these  belts  will  increase  in  popularity 
among  manufacturers. 

"  In  joining  the  ends  of  a  belt,  it  is  generally  considered  best  to 
cut  small  holes  through  the  ends  and  lace  them  with  a  leather 
strap. 

"  It  is  found,  in  practice,  that  belts  should  not  be  subjected  to  a 
strain  of  over  300  pounds  per  square  inch  of  section. 

"  Good  belting  of  -,^g  inches  thick  will  sustain  a  strain  of  60  pounds 
per  inch  width  without  risk,  and  without  serious  wear,  for  a  con- 
siderable time." — Am,  Artizan^  July  1,  '68,  p.  394. 

(To  be  continued.) 


Plumbago  as  a  Lubricant.— Every  one  knows  that  for  heavy 
machinery  plumbago  is  a  good  lubricant,  but  every  one  does  not 
always  think  of  applying  it  where  it  would  serve  best.  It  may 
thus  be  of  value  to  some  of  our  readers  to  know  that  Mr.  Thomas 
Shaw  found  that  a  planer  whose  bed-plate  required  the  force  of 
eight  men  to  slide  it  when  lubricated  with  the  best  ordinary  mate- 
rial, could  be  easily  shifted  with  one  hand  when  plumbago  of  good 
quality  was  applied. 
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OBSERVATIONS  OF  THE  SOLAR  PROTUBERANCES. 

By  Prof.  F.  Zollner. 

From  the  Report  of  the  Royal  Saxon  Academy  of  Sciences.  Translated  from  the 
Astronomische  Naehrichten,  No.  1769.   August,  1869,  by  Alfred  M.  Mayer,  Ph.  D. 

With  mj  method  (communicated  to  the  Eoyal  Society  of  Sci- 
ences, at  Leipsic,  at  the  session  of  the  mathematical  and  physical 
class  of  the  6th  Feb.),  which  I  have  been  unable  to  apply  until  now, 
on  account  of  the  incomplete  arrangement  of  instruments,  I  have 
just  observed  protuberances  with  great  sharpness  and  clearness. 
Their  shape  and  general  character  is  approximately  represented  in 
the  accompanying  drawings. 

From  the  nature  of  the  method,  the  same  protuberance  was  si- 
multaneously observed  in  three  diiSerent  colors,  corresponding  to 
the  three  homogeneous  lines  of  its  spectrum.  There  is,  however, 
a  material  difference  between  the  red  and  blue  image  on  the  one 
hand,  and  the  yellow  on  the  other.  The  latter  is  very  intense  only 
in  close  proximity  to  the  edge  of  the  sun's  disc,  and  in  this  respect 
corresponds  to  the  other  images,  while  the  more  delicate  details 
disappear  at  a  greater  distance.  This  difference  does  not  seem  to 
be  caused  by  the  greater  brightness  of  the  spectrum  in  that  region, 
but  appears  to  depend  on  one  of  the  two  following  hypotheses  for 
an  explanation: — 

Either  that  the  rays  which  give  rise  to  the  yellow  image  ema* 
nate  from  a  gas  having  a  greater  specific  gravity  than  hydrogen, 
and  therefore  existing  at  a  lower  level. 

Or,  that  the  greater  intensities  of  temperature  and  pressure  nearer 
tte  sUrfttce  of  the  sun  cause  hydrogen  to  emit  these  rays. 

The  first  protuberance  which  I  observed,  is  represented  by  Fig.  1* 
Above  an  intensely  luminous  peak-shaped  mass,  rising  from  the 
border  of  the  sun,  is  spread  a  cloud-like  formation  of  less  intensity. 
I'o  the  same  type  belong  the  protuberances  of  Fig.  4  and  Fig.  9* 
In  Fig.  4  it  was  remarkable  that  the  surprisingly  beautiful  cumu- 
lus-shape of  the  cloud  was  separated  from  the  peak  by  a  consider* 
able  distance.     The  cloud  was  exceedingly  delicate,  and  even  its 
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finest  details  could  be  recognized.  The  separate  cumuli  of  which 
it  was  composed,  appeared  almost  like  dull  luminous  points. 

One  of  the  most  remarkable  formations  was  the  second  of  the 
protuberances  represented  in  Fig.  2.  I  hardly  believed  my  eyes 
when  I  noticed  in  it  the  tongue-like  motion  of  a  flame.  This  mo- 
tion was  slower,  however,  compared  with  the  size  of  the  flame,  than 
that  of  high,  towering  flames  at  great  conflagrations.  The  time 
required  by  such  a  wave  in  passing  from  the  base  to  the  apex,  was 
about  2  or  3  seconds.  I  endeavored  on  the  following  days  to  verify 
this  observation  by  the  discovery  of  similar  formations,  but  I  have 
not  succeeded,  in  spite  of  my  arduous  and  continued  search.  I 
therefore  request  that  this  statement  may  be  considered  as  one  requir- 
ing further  proof. 

Surprising  examples  of  the  great  rapidity  with  which  the  protu- 
berances change  their  form  and  intensity  of  light,  are  found  in  Figs. 
3,  6  and  10.  In  these  Figs,  the  different  shapes  are  represented, 
which  the  same  protuberance  assumed  after  the  intervals  of  Leipsic 
mean  time  stated  under  them.  The  heights  mentioned  beneath,  in 
seconds,  refer  to  the  highest  point  of  the  protuberance. 

The  protuberance  represented  in  Figs.  3  and  4  were  observed  si- 
multaneously with  Mr.  Vogel,  Assistant  of  the  Leipsic  Observatory, 
and  our  drawings  have  been  found  to  agree. 

If  I  may  be  allowed  to  compare  the  general  impression  of  the 
protuberances,  observed  by  me  so  far,  with  terrestrial  phenomena, 
I  will  state  that  the  great  majority  remind  me  of  the  different  forms 
of  our  clouds  and  fog.  The  cumulus  type  is  completely  developed 
in  the  above  mentioned  cases.  Other  formations  remind  us  of  mas- 
ses of  clouds  and  fogs  floating  closely  over  lowlands  and  seas,  whose 
upper  parts  are  driven  and  torn  by  currents  of  air,  and  which  pre- 
sent the  well  known  ever- varying  forms  when  viewed  from  the  tops 
of  high  mountains. 

All  who  have  hitherto  observed  the  protuberances  through  my 
instrument,  agree  in  all  material  points  with  my  comparisons  con- 
cerning their  general  character. 

An  exception  is  seen  in  the  flame-like  protuberance  of  Fig.  2. 
On  looking  at  Figs.  1,  3,  4,  9,  and  perhaps  5,  the  observer  will  un- 
consciously consider  the  part  steeply  rising  from  the  border  of  the 
sun  as  the  cause  of  the  cloud  above  it.  He  is  reminded  of  volcanic 
eruptions  and  thermal  springs. 

As  far  as  clearness  in  the  contrast  of  the  image  with  the  back- 
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ground  is  coDoerned,  the  method  gives  entire  satisfaction.  Even 
when  the  sun  is  but  a  few  degrees  in  altitude,  the  outlines  and  de- 
tails appear  with  a  clearness  which  surprised  all  observers. 

I  am  at  present  engaged  in  modifying  this  method  so  that  the 
image  situate  in  the  blue  portion  of  the  spectrum  can  be  photo- 
graphed directly  and  thus  multiplied. 

If  large  prisms  of  considerable  dispersive  power  could  be  pro- 
cured, and  an  excellent  clock-work  connected  with  the  instrument, 
the  image  of  the  sun  could  be  diaphramed  off  and  a  circular  slit 
used  in  the  spectroscope.  We  would  then  be  enabled  to  observe 
siTnuUaneously  all  the  protuberances  on  the  limb  of  the  sun,  in  the 
different  parts  of  the  spectrum,  just  as  in  a  total  solar  eclipse  of  long 
duration. 

Finally,  I  beg  to  make  known  an  observation,  which  appears 
too  remarkable  to  remain  unmentioned,  and  which  will  be  of  great 
importance  in  extending  our  knowledge  of  the  actions  going  on 
near  the  surface  of  the  sun,  if  its  explanation  be  found  correct. 

As  early  as  the  27th  of  June,  the  first  clear  day  after  a  long  spell 
of  cloudy  weather,  I  observed  the  bright  protuberance-lines  with- 
out, however,  being  able  on  that  day  to  make  a  complete  observa- 
tion of  these  formations.  As  soon  as  I  approached  the  slit  of  the 
spectroscope  to  a  certain  position  on  the  sun's  limb,  where  the  pro- 
tuberance lines  appeared  particularly  long  and  bright,  bright  linear 
flashes  passed  through  the  whole  length  of  the  dull  spectrum  over 
the  limb  of  the  sun,  about  8  or  4  minutes  distant  from  the  latter. 
These  flashes  passed  over  the  whole  of  the  spectrum  in  the  field 
of  view,  and  became  so  intense  at  a  certain  point  of  the  sun's 
limb  as  to  produce  the  impression  of  a  series  of  electrical  discharges, 
rapidly  succeeding  one  another,  and  passing  through  the  whole  of 
the  spectrum  in  straight  lines. 

*  Mr,  Vogel,  who  afterwards,  for  a  short  time,  took  part  in  these 
observations,  found  the  same  phenomenon  at  a  different  portion  of 
the  sun's  limb,  where  protuberance  lines  also  appeared. 

This  phenomenon  can  be  explained  by  the  hypothesis  that  small, 
intensely  incandescent  bodies  moving  near  the  surface  of  the  sun, 
emit  rays  of  all  degrees  of  refrangibility,  and  produce  flashes  of  a 
thread-like  spectrum  as  their  image  passes  before  the  slit  of  the 
spectroscope. 

Leipeie,  July,  1869. 
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ANALYSIS  OF  THE  NATIVE  PHOSPHATE  OF  LEAD  FROM 
CHESTER  COUNTY,  PA. 

By  Charles  P.  Williams. 

Though  the  lead-bearing  veins  near  the  line  of  junction  of  the 
mesozoic  sandstone  with  gneiss,  in  Schuylkill  and  Charlestown 
townships,  Chester  County,  have  enriched  mineralogical  cabinets 
with  many  most  remarkably  beautiful  specimens  of  pyromorphite, 
nothing  has  been  published  with  reference  to  their  chemical  compo- 
sition. The  elaborate  investigations  of  Prof.  J.  Lawrence  Smith,* 
though  extending  through  all  the  other  species  from  the  locality, 
fall  short,  I  believe,  from  recording  any  analysis  of  the  phosphates 
abounding  thereat.  It  seems,  of  all  American  minerals,  to  have 
been  the  most  neglected  at  the  hands  of  chemists. 

In  1863  the  writer  came  in  possession  of  a  remarkably  fine  suite 
of  the  species  from  both  the  "  Wheatley  "  and  the  "Chester  County 
Mines,"  which  had  been  collected  by  Joseph  Cocking,  who  had  been 
successively  mining  captain  at  both  these  works,  and  subsequently 
tributer  at  the  latter.  I  have  from  time  to  time  analyzed  some  of 
the  specimens  of  pyromorphite,  according  to  the  following  method: 

The  solution  of  the  mineral  was  effected  in  nitric  acid  and  the 
lead  precipitated  in  the  greatly  diluted  solution  by  means  of  a  long 
continued  current  of  sulphydric  acid  gas.  The  precipitate  thus 
formed  (after  digestion  with  sulphide  of  ammonium  to  remove  sul- 
phide of  arsenic  if  present),  was  converted  into  sulphate  of  lead  and 
weighed  as  such.  The  solution  in  sulphide  of  ammonium  was, 
after  proper  preparation,  invariably  examined  for  arsenic,  but  only 
in  one  instance  was  even  a  trace  obtained  of  this  metal. 

The  filtrate  from  the  sulphide  of  lead  was  boiled  for  some  time 
with  the  addition  of  nitric  acid,  the  concentrated  liquid  neutralized 
with  ammonia,  acetic  acid  added  and  the  whole  boiled  till  the  oaor 
of  acetic  acid  was  no  longer  strongly  noticeable.  The  precipitation 
of  the  ferric  phosphate  and  of  the  fluoride  of  calcium  was  thus  effected. 
The  precipitate  was  weighed,  fused  with  carbonate  olsoda,  extracted 
with  water,  chloride  calcium  added  to  the  aqueous  solution,  the 
precipitate  separated,  treated  with  acetic  acid  and  the  resulting  fluo- 
ride of  calcium  weighed  as  such.  This  weight  being  deducted  from 
the  joint  weight  of  the  original  precipitate  gave  the  ferric  phosphate, 
the  composition  of  which  was  determined  by  dissolving  the  residue 

*  Amer.  Jour.  Sci.j  II.,  XX.,  246. 
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from  the  aqueous  solution  of  the  fused  precipitate,  in  hydrochloric 
acid,  adding  citric  acid,  and  precipitating  the  iron  as  sulphide  by 
means  of  sulphide  of  ammonium.  T,he  sulphide  of  iron,  converted 
into  ferric  oxide  and  weighed,  and  the  weight  deducted  from  the 
weight  of  the  original  precipitate  minus  the  fluoride  of  calcium, 
gave  by  difference  the  amount  of  phosphoric  acid  carried  down  in 
combination,  with  the  oxide  of  iron.  In  the  calculation  of  the  final 
result  the  ferric  oxide  was,  of  course,  reduced  to  its  equivalent  in 
ferrous  oxide.  To  obtain  satisfactory  results  at  this  stage  of  the 
operation,  it  was  found  that  an  amount  of  mineral  of  not  less  than 
three  grammes  weight  was  required  to  be  taken.  This,  of  course, 
gave  troublesome  amounts  of  precipitates  in  the  previous  and  suc- 
ceeding stages,  and  the  results  therein  obtained  were  usually  con* 
trolled  by  operations  on  smaller  quantities  in  which  the  precipitates 
by  ammonia  and  acetic  acid  were  simply  separated  and  weighed 
without  any  attempt  at  their  analysis. 

From  the  filtrate  from  the  above,  the  lime  was  first  removed  as 
an  oxalate,  in  an  acetic  acid  solution,  by  means  of  oxalate  of  am- 
monia, and  the  phosphoric  acid  then  precipitated  by  the  ordinary 
magnesian  mixture.  The  precipitates  of  phosphate  of  ammonio- 
magnesia  were  always  redissolved  and  reprecipitated  by  ammonia. 
To  the  amount  of  the  phosphoric  acid  thus  obtained  was  added  the 
small  amount  of  phosphoric  acid  obtained  by  the  difference  in  the 
separation  of  the  constituents  of  the  precipitate  by  ammonia  and 
acetic  acid. 

The  chlorine  was  estimated  in  a  separate  portion  of  the  original 
mineral.  In  calculating  the  results  for  a  rational  expression  of  the 
analysis,  the  amount  of  lead  required  for  the  chlorine,  being  ex- 
pressed in  terms  of  oxide,  was  deducted  from  the  total  oxide  of  lead 
(calculated  from  the  sulphate)  and  the  remainder  of  the  oxide  was 
taken  as  tribasic  phosphate.  The  ferrous  oxide  was  also  assumed 
as  existing  in  the  same  condition  and  the  joint  quantities  of  phos* 
phoric  acid  required  for  these  bases,  deducted  from  the  total  ob- 
tained phosphoric  acid,  gave  a  remainder  from  which  was  calculated 
the  phosphate  of  lime  (3  CaO  POa).  In  all  my  analyses  the  theo- 
retical amount  of  lime  thus  required  (independent,  of  course,  of 
that  in  combination  with  the  fluorine  which  was  directly  determined) 
was  less  than  that  actually  obtained.  In  the  case  of  analysis  No.  1 
this  discrepancy  is  the  greatest,  amounting  to  021  per  cent.  Is  it 
that  the  oxide  of  iron  does  not  exist  as  a  phosphate  or  does  the  ex- 
Vol.  LVIII.— Third  Series.— No.  6.— November,  1869.        Al 
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cess  of  lime  result  from  the  presence  of  some  calcareous  mineral  aa* 
sociated  with  the  pyromorphite  ?  The  discrepancies  in  the  amounts 
of  lime  have  been  disregarded  in  the  table  of  results  below  given. 
The  following  three  analyses  are  of  specimens  from  the  "  Ches- 
ter County  "  Vein  and  represent  the  three  most  common  shades  of 
the  mineral  from  this  locality.  No.  I.  was  of  dark  olive-green  color, 
No.  II.  was  of  a  yellowish-green  shade,  and  No.  III.  approximated 
more  closely  to  II.  than  to  I.,  though  still  darker  than  the  former. 
The  analyses  are  of  the  mineral  dried  at  212°  Fahr. 


No.  I. 

Phosphate  Lead  (3  PbO  PO^) 

Pho«nhttlG  Lime  ^3  CuO  PO-"^... 

87-40 
•87 

Ferrous  Phosphate  (3  FeO  VO^)., 

Chloiidc  Load  (Pb  CI) 

1-74 
9-79 

Fluoride  Calcium  (Ca  F)..** 

•84 

Arseniate  Lead * 

Mutter  insoluble  in  Acid * 

None. 
•42 

[Excess  of  Lime i 

100-U(5 
•21 

No.  II. 

85-89 

2-64 

•62 

9-41 

•67 

Trace. 

Trace. 


99-23 
•11 


No.  IIL 

87-01 
Trace  (?) 

1-39 

9-13 

•91 

None. 

Trace. 


98-44* 
•15] 


*  In  analysis  No.  III.  there  was  a  trifling  loss  of  PO5. 

By  operating  on  29*167  grammes  of  pyromorphite  from  the  same 
locality,  and  carefully  conducting  the  cupellation  of  the  button  of 
lead  obtained,  I  obtained  a  button  of  silver  weighing  '0011  gram- 
mes, equivalent  to  -0037  percent,  metallic  silver,  probably  existing 
as  chloride  and  as  such  replacing  some  of  the  chloride  of  lead. 
This  amount  (equivalent  to  l,'(j  oz.  of  silver  to  the  ton,  of  2,000 
pounds,  of  similar  ore)  falls  considerably  below  that  obtained  in  the 
practical  working  of  the  so-called  phosphate  ore  from  this  naine, 
but  as  this  ore,  as  sold  to  the  smelting  works,  was  largely  inter- 
n^ixed  with  galena,  it  is  probable  the  excess  of  silver  resulted  from 
the  galena. 

Philadelphia,  October  7lh,  1869. 
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COMPOSITION  OF  THE  NATIVE  GOLD  FROM  VENEZUELA.  1i 

Communicated  by  Chas.  V.  Williams.  ^^j 

Since  the  time  of  the  ill-fated  expedition  of  Sir  Walter  Koleigh 
to  the  Orinoco,  down  to  the  year  1865,  nothing  had  been  done  to- 
wards the  systematic  exploration  of  the  supposed  existing  aurifer- 
ous regioYi,  situated  in  the  State  of  Spanish  Guayana  to  the  south  of 
that  river,  in  the  Republic  of  Venezuela.  In  that  year  Mr.  L.  M. 
Davis  (then  a  student  in  my  laboratory)  was  sent,  under  the  aus- 
pices of  J.  B.  Austin,  Esq.,  formerly  of  this  city,  but  who  had  for 
some  years  previously  been  a  resident  of  Venezuela,  to  explore  the 
mineral  deposits  of  Guayana,  and  the  result  of  his  exploration  has 
been  the  commencement  of  system«itic  and  vigorous  mining  opera- 
tion?, which  have  resulted  successfully,  and  which  are  now  sending 
to  the  United  States  alone  upwards  of  S-^0,000  of  gold  monthly. 
The  gold  from  this  State  is  remarkable  for  its  fineness.  Mr.  Davis 
has  ju.st  completed,  in  my  laboratory,  the  following  analysis  of  a 
specimen  (weighing  1-1114  grammes): 

Gold 98'5S3  percent. 

SilviT 8087        " 

Iron 1  60)        *« 

Cojiper -(iCO        «« 

A  careful  examination  was  made  for  platinum  and  associated 
metals,  but  no  traces  were  discovered. 

The  specimen  analyzed  was  from  a  placer  in  the  bed  of  the  Qne- 
brada  de  Peru,  department  of  Yuruari,  Neuava  Providencia  or 
Caratal. 

But  little  is  being  done  towards  working  the  placers  (which  are 
reported  as  being  remarkably  rich)  the  whole  product  of  gold  being 
obtained  by  operations  on  a  system  of  quartz  veins,  containing  but 
little  pyrites.  The  upper  portions  of  the  veins  consist  of  an  auri- 
ferous gossan  which  is  highly  manganifcrous,  and  from  which  gela- 
tinous silica  separates  on  treatment  with  acid.  I  hope  soon  to  com- 
plete an  analysis  of  this  interesting  gossan* 

Philadelphia,  Oct.  16tfa,  1869. 
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ON  VARIOUS  PROCESSES  FOR  PRESERVING  TlMfiER. 

Under  the  above  heading,  there  appeared  in  the  last  September 
edition  oi  the  Journal  of  the  Franklin  Institute^  an  article  written  by  Dr. 
Adolph  Ott,  in  which  I  have  been,  unfortunately,  honored  by  the 
author,  in  mentioning  my  invention.     He  says : — 

"  The  Process  of  S.  Beer. 
*' Quite  recently  attention  has  been  called  to  a  process  for  preserving  timber, 
invented  by  S.  Beer,  in  New  York.  The  same  consists  in  the  treatment  of  the 
wood  in  a  boiling  solution  of  borax  in  water,  and  came  to  our  knowledge  through 
a  Qerman  periodical  of  last  year.  It  is  claimed  therein,  that  all  putrefiable  sub- 
stances are  effectually  removed  by  the  borax ;  moreover,  it  is  held  that  the  ligne- 
ous fascicles  become  harder  and  less  absorbent;  that  the  treatment  protects  all  the 
wood  from  insects  j  keeps  it  dry  and  in^ammable.  The  process  is  carried  on  in  the 
following  manner."     (Here  follows  a  very  defective  description  of  my  process  ) 

I  thankfully  accept  the  conceded  inventorship  of  the  borax  pro- 
cess, but  I  am  quite  at  a  loss  to  comprehend  why  Dr.  A.  Ott  was  forced 
to  hunt  up  a  provincial  periodical  published  for  the  Grand  Duchy  of 
Hesse,  from  last  year,  to  get  a  knowledge  of  this  American  inven- 
tion, a  full  and  correct  description  of  which  is  easily  found  in  the 
New  York  papers,  such  as  the  Scientific  American^  Artizan,  and  others^ 
or  by  application  at  the  Patent  Office  in  Washington,  or  at  my  own 
office,  especially  when  it  is  known  that  he  was  personally  intro- 
duced to  me  over  a  year  ago,  shortly  after  my  American  patent 
was  issued,  on  which  occasion  he  oflfered  his  kind  services  as  a  cor- 
respondent for  American  and  foreign  papers,  to  write  upon  this 
very  invention.  His  offer  I  politely  declined,  because  I  did  not 
want  talk,  but  work,  to  further  my  invention.  After  an  imperfect 
description  of  my  process,  he  enters  into  the  following  criticism : — 

"  Let  us  now  examine'the  process  a  little  closer.  The  fact  that  borax  is  soluble 
in  about  12  parts  of  its  weight  of  cold  water,  makes  this  process  inapplicable  for 
structures  which  are  to  be  exposed  to  terrestrial  or  meteoric  waters,  for  the  reason 
that  the  intended  protective  coating  will  be  slowly  removed." 

No  greater  wrong  could  be  done  than  representing  me  in  the 
eyes  of  the  readers  of  the  Journal  as  using  a  protective  coating  by 
my  process.  I  know  too  well  the  uselessness  of  any  coating  to 
preserve  wood,  because,  if  the  fermentive  matter  is  left  in  wood,  it 
will  decay  within;  and  if  the  sap  is  removed  from  wood,  then  coat- 
ing is  quite  unnecessary,  as  pure  wood  cannot  rot,  whatever  may 
be  its  exposure  to  water  or  air,  or  both  together. 

My  process,  I  have  described  to  consist  in  removing  the  putres- 
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cible  or  nitrogenized  sap-matter  from  wood  altogether  by  means  of 
borax,  or  some  like  compound,  which  effectually  dissolves  and  ex- 
tracts such  matter  without  injuring  the  wood  fibre.  It  is  expressly 
stated  in  the  specification  of  my  patent,  that  the  wood,  after  it  had  been 
treated  with  a  solution  of  borax,  "  may  be  several  times  washed  in 
boiling  water,  which  will  extract  the  absorbed  borax  in  connection 
with  the  colored  matter  and  restore  the  wood  to  its  former  color 
and  appearance."  Although  borax  is  itself  an  antiseptic  substance, 
I  am  very  particular  to  wash-  out  its  last  traces,  because  I  know 
that  there  is  no  antiseptic  equal  in  its  antiseptic  power  to  pure 
wood.  The  fact  aJone  that  there  exist  pieces  of  wood  which  arc 
several  thousand  years  old,  without  any  other  preparation  than 
having  been  deprived  of  sap  by  washing  in  water  during  their 
transportation  in  the  old  slow  way  of  rowing  the  timber  on  streams, 
proves  thatpure  wood  resists  alteration  more  than  any  coating  known, 
That  my  opinioji  herein  is  fully  sustained  by  scientific  researches, 
investigated  first  by  De  Saussure,  and  since  then  confirmed  by  all 
our  celebrated  chemists,  will  be  seen  by  the  following  excerpts :— r 

"Wood,  especially  when  under  the  influence  of  atmospheric 
vicissitudes,  is  rendered  liable  to  decay  from  the  decomposition  of 
its  albuminous*  component ;  this  circumstance  favors  the  growth 
of  lichen  and  fungi,  and  encourages  the  ravages  of  insects  to  which 
the  albuminous  portions  in  particular  offer  the  means  of  nutrii- 
ment." — William  Allen  Miller's  JEkments  of  Chemistry]  Part  III., 
page  95. 

"  The  spontaneoits  decomposition  of  the  vegetable  albumen,  acting  as 
a  ferment,  is  the  primary  cause  of  the  decomposition  of  wood. 
Hence  it  is  found  that  those  woods  which  contain  the  smallest 
quantity  of  albumen  and  amylaceous  matters  are  the  most  durable." 

"  If  the  decay  of  wood  is,  in  the  first  place,  an  induced  effect  of  the 
contact  of  decomposing  albumen,  a  means  of  preserving  the  wood  is 
naturally  suggested  in  the  removal  of  the  albumen,  or  else  in  so 
modifying  it,  by  causing  it  to  combine  with  other  substances,  that 
it  shall  no  longer  possess  the  property  of  decomposing  spontane- 
ously.    The  solubility  of  albumen,  in  cold  or  tepid  water,  affords  a 

*  All  fermentive  or  putreecible  substances  are  called,  in  science,  *' albuminous 
or  nitrogenized"  matters,  because  they  contain  nitrogen  as  an  elementary  compo> 
nent,  which  is  the  very  element  which  renders  such  organic  compounds  liable  to 
spontaneous  decomposition.  Wood  substance  contains  no  nitrogen,  while  the  sap 
consists  mainly  of  nitrogeni:;ed  matters. 
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simple  means  of  withdrawing  from  the  wood  this  element  of  decom- 
position. Unless  the  wood  is  in  very  thin  pieces,  the  removal  of 
the  albumen  by  the  process  of  washing  in  water  is  extremely  slow- 
To  test  the  efficacy  of  merely  washing  in  water,  equal  weights  of 
washed  and  unwashed  wood  equally  dry,  were  moistened  with  the 
same  quantity  of  water,  and  the  amount  evaporated  was  replaced 
in  each  quantity  equally.  In  the  course  of  a  few  weeks  the  un- 
washed wood  was  always  found  to  be  covered  with  a  thick  mold, 
while  none  appeared  on  the  washed  wood.  At  the  expiration  of 
six  months,  the  unwashed  wood  was  found  to  have  sensibly  dimin- 
ished in  weight,  while  the  weight  of  the  washed  wood  remained 
unaltered." — Dr.  Boucherie.  This  is  literally  copied  from  Applied 
Chemistry^  by  E.  A.  Parnell,  Vol.  I.,  p.  185.  London :  1854. 
Dr.  Ott  continues : — 

''Again,  borax  being  of  a  hygroscopic  nature,  if  not  refined  with  the  atmoet 
care,  will  soon  absorb  water,  and  thus  htave  the  wood  in  a  dump  instead  of  a  dry 
slate.  Naturalists,  in  selecting  ( ! )  borax  crystals,  well  know  that  they  have  to 
coat  them  with  a  varnish,  or  otherwise  they  would  soon  become  white  or  opaque, 
on  account  of  their  affinity'  to  water.*' 

It  is  true  that  borax  crystals  slightly  effervesce  on  the  surface, 
but  Dr.  A.  Ott  cannot  really  suppose  that  such  effervescence  is  caused 
by  afBiiity  to  and  absorption  of  water.  On  the  contrary,  it  is  due  to 
a  drying  up  and  loss  of  part  of  the  water  of  crystallization.  He 
must  also  know  that  hygroscopic  salts  are  those  which  dissolve  in 
their  own  weight  of  water,  or  less,  and  which  melt  (deliquesce)  by 
absorbing  the  moisture  of  the  air.  Now,  Dr.  Ott  himself  states  ibat 
borax  wants  twelve  times  its  weight  of  water  to  dissolve:  how  can 
be  represent  borax  as  a  hygroscopic  salt?  Indeed,  Dr.  Oit  must 
very  much  underrate  the  intelligence  of  the  readers  of  the  Journal 
by  his  bold  assertions,  contradictory  not  only  to  knowledge,  but 
also  to  common  sense.     lie  continues: — 

**  But  a  still  more  ecrious  objection  against  the  process  consists  in  the  property 
of  alkaline  fluids,  such  us  a  solution  of  borax,  of  dissolving,  or  at  li*ast  attacking^ 
certain  substances  of  the  wood  upon  which  its  stri'ngih,  solidity,  and  tuughnees, 
and  other  desired  properties  greatly  dfpend.  These  substances  are  the  so-called 
incruiJtating  materials  ( I ).  They  form  in  concentric  iHj-ers  the  inner  walls  of  the 
ligneous  cells,  they  being  abundunt  in  the  hard  wood  and  the  st-ems  of  fruits, 
where  they  often  fill  the  entire  space  of  the  cell.  In  the  making  of  paper  from 
wood,  all  that  is  wanted  is  the  supple,  pliant  cell.  The  manufHcturer's  attention 
is  therefore  directed  to  the  removal  of  the  non  fibrous  bodie.-,  which  end  he  accom- 
plibhfs  by  the  boiling  of  the  previously  reduced  wood  in  alkaline  lyes;  but  the 
piper  itttniiu'd,  though  smooth  and  chistic.  and  ciipabl«  of  taking  the  highest  finish, 
lai-ks  thill  d«'grcu  uf  firmness  necessary  to  make  it  a  fitting  material  for  the  better 
kiiids  of  paper." 
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Borax,  phosphate  of  soda,  and  some  other  like  compounds,  form 
a  distinct  class  of  salts,  which,  although  being  partly  of  a  slightly 
alkaline  reaction,  differ  very  materially  from  caustic  and  car- 
bonate alkalies,  by  being  agencies  for  dissolving  organic  matters 
without  in  the  least  attacking  or  affecting  the  structural  tissues 
or  cellular  membranes,  however  tender  such  may  be,  and  how- 
ever strong  and  in  excess  the  solutions  of  these  salts  may 
be  applied.  By  this  their  peculiar  property,  long  known  to  che- 
mists, I  found  them  admirably  adapted  for  seasoning,  preserving 
and  purifying  wood;  and  my  invention  consists  in  applying  the 
salts  of  this  class  for  the  purpose  stated.  I  prefer  to  use  borax, 
although  I  distinctly  claimed  the  use  of  all  like  compounds,  because 
borax  is  the  most  efficient,  and  thereby  the  cheapest  salt,  and  be- 
cause it  gives  to  wood  a  much  superior  finish  than  any  other ;  hnd 
lastly,  because  it  is  easily  re- worked,  and  can  be  used  over  and  over 
again. 

An  experiment,  which  is  as  interesting  as  it  is  illustrative,  I  will 
state  here.  The  white  of  an  egg  well  mixed  with  a  solution  of 
borax,  and  heated  to  boiling,  will  become  clear  thereby  without 
coagulation,  and  all  the  tender  cellular  membranes  (tela  cellulosa) 
will  settle  on  the  bottom  without  being  dissolved,  however  strong 
the  solution  may  be,  or  however  long  the  boiling  is  continued. 

Paper-makers  who  use  wood,  would  do  well  to  dispense  with 
potash  or  soda,  and  obtain  a  license  to  use  borax,  or  a  like  com- 
pound, to  purify  wood  from  its  non-fibrous  matter;  and  I  had  them 
mainly  in  view  in  claiming  the  right  of  my  process  for  puri- 
fying wood  also.  So  much  to  dispel  the  fear  which  Dr.  Ott  may 
have  caused  in  the  minds  of  the  readers  of  the  Journal  by  his  fancy 
that  borax  acts  as  a  destructive  agent,  like  potash  or  soda,  lie 
further  says : — 

<*In  the  course  of  this  article,  I  shall  havo  occasion  to  dwell  fully  on  the  im- 
portance of  the  natural  resin  contained  in  timber,  in  its  bearing  on  the  durability 
of  wood.  It  is  certainly  not  an  advantageous  feature  of  the  above-described  pro- 
cess, that  the  resin  is  altogether  removed  by  it." 

If  it  is  true  that  the  natural  resin  is  very  important  for  the  dura- 
bility of  timber,  how  could  wood  decay  with  the  natural  rosin 
therein  ?  Eesinous  bodies,  even  gum  copal,  change  by  exposure 
to  air  and  moisture.  In  the  most  favorable  case  they  can  only 
postpone  the  decay  of  wood.  "Weak  solutions  of  borax,  suffi- 
ciently strong  to  remove  the  soluble  portions  from  wood,  do  not 
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much  affect  the  natural  resin  in  pine  and  spruce  wood,  as  I  know 
by  experience;  and,  if  desired,  it  is  at  will  in  the  hands  of  the  ope- 
rator to  leave  it  therein,  though  its  presence  is  of  no  visible  utility 
in  our  case. 

He  finally  says : — 

**  In  regard  to  its  claimed  superiority  in  withdrawing  the  putrescible  substances, 
it  may  be  stated,  on  good  authority,  (experiments  conducted  at  the  College  of  tbe 
City  of  New  York,)  that  14  per  cent,  of  albumen  from  the  quantity  originally  con- 
tained in  the  wood,  have  been  retained  in  saw-dust,  after  boiling  the  same  several 
times,  and  each  time  fouR  hours,  with  a  saturated  solution  of  bor^x." 

If  true,  this  would  be  fatal  to  my  invention,  as  only  86  per  cent, 
of  the  albuminous  matters  would  then  be  removed,  while  I  claim 
to  remove  all.*  The  question  is,  what  is  his  "  good  authority  ?" 
Prqf.  Doremus,  and  his  assistant,  Dr.  O.  Loew,  are  the  only  experi- 
mentalists in  the  laboratory  of  the  College  of  the  City  of  New  York. 
Their  ability,  expertness,  and  veracity  cannot  be  questioned.  They 
both  flatly  deny  their  authority  for  such  statement;  and,  to  expose 
the  love  of  truth  of  Dr.  Adolph  Ott,  by  his  desire  to  enlighten  the 
readers  of  the  Journal  on  the  subject,  I  publish  the  following 
letter  * 

"  New  Yobk,  Septemher  29th,  1869. 
**  SiGisMUND  Beer,  Esq. 

"  Dear  Sir : — Pieces  of  wood,  prepared  according  to  your  process 
by  a  solution  of  borax,  have  been  carefully  analyzed  by  me  over  a 
year  ago,  to  ascertain  the  quantity  of  nitrogen  retained.  I  found 
only  weak  traces  of  nitrogen  therein,  although  I  had  used  common 
Croton  water  for  solution  and  washing.  The  same  wood,  unpre- 
pared, contained  nearly  1 J  per  cent,  of  nitrogen.  The  whole  process  of 
extracting  the  sap  from  the  wood  was  performed  in  less  than  two 
hours. 

"0.  Loew,  Assistant  in  the  College  of  New  York^ 

In  conclusion,  I  may  be  allowed  to  indulge  in  a  few  general 
remarks  concerning  the  subject  in  question.  Decayed  wood,  when 
compared  with  wood  in  the  sound  state,  shows  an  alteration  in  its 
substance.  Such  change  is  a  purely  chemical  one,  and  brings  the 
decay  of  wood  within  the  category  of  a  chemical  process,  which  is 
always  based  on  certain  conditions,  necessary  to  its  accomplish- 

*  Weak  traces  of  nitrogen  are  found  in  every  organic  substance  when  analyzed; 
they  are  only  accidentally  present,  but  they  amount  to  nothing.  Even  distilled 
water  contains  traces  of  ammonium,  and  more  will  not  be  found  in  wood  properly 
Beerized. 
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ment.  By  chemical  investigatioa  we  know  that  the  transformations 
occurring  during  decay  of  wood,  are  caused  by  the  albuminous 
matter  distributed  over  the  cellular  tissues,  acting  as  a  ferment, 
while  in  a  state  of  spontaneous  decomposition.  Wood,  therefore, 
which  has  been  deprived  of  its  albumen,  has  lost  thereby  its  capa- 
city to  decay  or  rot.  Surely  it  cannot  be  altered  or  decomposed  by 
mere  exposure  to  the  combined  action  of  water  and  air,  so  destruc- 
tive to  unprepared  wood ;  and  it  is  in  this  sense  that  I  adopt  the 
expression  of  our  European  critics,  that  by  my  preparation  **  wood 
is  rendered  practically  indestructible." 

Still,  it  is  not  preservation  alone  which  wood  advantageously 
acquires  by  my  treatment.  Other  improved  properties,  which  I 
may  mention  here,  are  its  increased  strength  and  closer  structure^  from 
the  absence  of  foreign  matter  which,  in  ordinarily  seasoned  wood, 
distends  its  tissues,  and  furthers  the  quality  of  being  more  perfectly 
dried,  without  any  loss  from  "shakes,"  and  rendered  unsusceptible  to 
atmospheric  changes  consequent  to  the  total  removal  of  deliquescent 
matters.  When  I  have  added  that  the  expenses  are  so  trifling  that 
the  licensed  Lumber  Yard  in  Twenty-second  street,  near  North 
Eiver,  New  York  City,  is  enabled  to  sell  Beerized  lumber  at  as  low 
a  price  as  ordinary  dried  stuff  of  the  same  quality,  the  progrei3sive 
reader,  acquainted  with  the  squandering  and  destructive  practice 
hitherto  in  use  for  curing  lumber,  will  undoubtedly  join  in  my 
confidence  of  a  general  adoption  of  the  new  plan  at  no  distant  time. 

SiGisMUND  Beer. 


ON  THE  NEW  CHEMICAL  NOMENCLATURE. 

By  Dr.  Adolfh  Ott. 
(Continued  from  page  132.) 

Without  entering  into  the  phraseology  adopted  by  the  adherents 
of  the  phlogistic  theory,  it  is  proposed  to  give  an  account  of  the 
changes  effected  in  the  nomenclature  by  the  study  of  the  properties 
of  aeriform  bodies,  which  precedes  the  great  epoch  in  the  history 
of  chemistry  inaugurated  by  Antoinb  Laukent  Lavoisieb,  and  de- 
nominated by  the  author  of  the  History  of  the  Inductive  Sciences, 
the  epoch  of  the  theory  of  oxygen.  The  merit  of  having  made  the 
first  attempt  towards  the  introduction  of  a  more  rational  nomencla- 
ture is  due  to  Maegner  and  Baume.  To  them  we  owe  the  change 
Vol.  LVIII.— Third  Seribs.—No.  5,— November,  1869.  42 


Digitized  by  VjOOQ IC 


330  Mechanics,  Physics^  and  Chemistry, 

by  which  the  names  of  metallic  salts  are  designated  by  the  name  of 
the  acid  and  of  the  metal  entering  into  their  composition,  that  all 
the  salts  which  are  formed  by  the  union  of  a  metal  and  sulphuric 
acid,  or  oil  of  vitriol,  are  called  vitriols;  and  nitres,  if  the  latter  acid 
is  replaced  by  nitric  acid.  To  Torbern  Bergman,  then  Professor 
at  Upsala,  in  Sweden,  chemistry  owes  a  further  attempt  towards  a 
more  convenient  set  of  names.  They  were  first  published  in  the 
Upsala  Transactions,  issued  separately  in  1782,  and  inserted  in 
his  work  "  Essays  Physical  and  Chemical."     Edinburgh,  1791. 

"I  am  not  ignorant"  he  says,  in  Vol.  L,  p.  11,  "  that  words,  like 
money,  possess  an  ideal  value,  and  that  great  danger  of  confusion 
may  be  apprehended  from  a  change  of  names ;  in  the  meantime,  it 
cannot  be  denied  that  chemistry,  like  the  other  sciences,  was  form- 
erly filled  with  improper  names."  The  names  of  salts  of  alkalies, 
earths  and  metals  were  composed  by  Bergman  of  a  noun  substan- 
tive to  indicate  the  base,  and  an  adjective  to  designate  the  acid,  viz: 

Alkali  mineraU  phosphoratum  for  Phosphate  of  soda. 
"  "         nitratum  for  nitrate  of  soda. 

"  "         aeratum  for  Carbonate  of  Soda. 

Alkali  vegetahile  vitriolatum  for  Sulphate  of  potassa. 
"  "        salitum  for  Chloride  of  potassium. 

"  "        saccharatum*  for  Oxalate  of  potassa. 

The  earths  were  distinguished  as  terra  ponderosa,  calx,  magnesia, 
argilla,  and  terra  silicea. 

The  names  of  these  salts  were  formed  in  the  same  manner  as 
those  of  the  salts  of  the  alkalies,  viz:  calx  saccharaia,  magnesia^ 
boraxata,  terra  ponderosa,  aeraia,  Jcc.  The  metallic  salts  were  named 
according  to  the  same  principle,  viz:  stannum  salitum,  nickolum 
nitratum,  cuprum  acetatum^/errum  aeratum.  As  to  the  other  sug- 
gestions of  Bergman,  we  must  refer  the  reader  to  the  above  cited 
work.  The  article  "  Nomenclature  "  in  Watts'  Dictionary  of  Cliem- 
istry  may  also  be  consulted  with  advantage.  W  hile  these  and  other 
changes  were  proposed,  Guyton  de  Morveau,  an  accomplished 
lawyer  at  Dijon,  France,  and  at  the  same  time  an  enthusiastic  student 
of  the  natural  sciences,  had  formed  another  system  of  nomenclature, 
and  it  seems  independent  of  Bergman.  It  was  first  published  in  the 
May  number  of  the  Journal  de  Physique  of  1782,  which,  strange 

♦  The  discovery  of  the  fact  that  fugar,  in  being  trentcc!  with  nitric  acid,  yields 
oxalic  acid,  is  due  to  Bergman.  It  wm  the  first  instance  of  the  artificial  furnmtion 
of  an  organic  acid.  Schuelo  proved,  afterwards,  that  this  acid  was  identical  with 
the  acid  of  the  common  sorrel. 
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as  it  may  seem,  was  then  the  vehicle  of  the  opinions  and  views  of 
Stahl  and  Becker,  the  founders  of  the  phlogistic  school.  De  Mob- 
VEAU,  however,  at  that  time,  had  not  yet  become  a  convert  to  the 
Lavoisierian  theory. 

The  following  is  a  specimen  of  Guyton  de  Morvcau's  system  of 
chemical  nomenclature:  — 


ACIDES. 

Sels. 

Bases. 

VitrioUque, 

Vitriols, 

Fhlogistique, 

Nitreux, 

Nitres, 

Calce, 

Arsenical, 

Arsmiaies^ 

Baryte, 

Boracin, 

Boraxs, 

Ctiivre. 

Fbiorique, 

Fluors, 

Argent, 

Citronien^ 

Citrates, 

P'latine, 

OxaliqiLe, 

Oxalates, 

Mercure, 

Stbaci 

Sebates, 

Esprit  de  vin 

In  the  meantime,  the  oxygen  theory  made  its  way  with  unex- 
pected rapidity  among  the  best  savans  of  the  time.  Bertiiollkt, 
already  an  eminent  chemist,  and  known  for  his  researches  on  the 
composition  of  ammonia  and  the  fulminate  of  gold  and  silver,* 
solemnly  renounced  the  phlogistic  theory  in  1785. 

Indeed,  it  was  soon  so  generally  adopted  in  France,  that  Fourcroy 
promulgated  its  doctrines  under  the  name  of  "ia  chimiefrancaise,^^ 
a  title  which  Lavoisier  did  not  altogether  relish.  The  extraordi- 
nary eloquence  and  success  of  Fourcroy  as  a  lecturer  at  the  Jardin 
des  Planies,  had  no  small  share  in  the  difiusion  of  the  oxygen 
theory ;  and  the  name  of  **  the  apostle  of  the  new  chemistry  "  which 
was  first  given  him  in  ridicule,  was  justly  held  by  him  to  be  a  glo- 
rious distinction.f 

In  England,  the  pneumatic  doctrine  was  propagated  by  Caven- 
dish, Kirwan,  Nicholson,  Tennant;  in  Germany  by  Ilernebstadt, 
Girtanner,  Klaproth  and  von  Humboldt;  in  Holland  by  van  Troost- 
wyck  and  Lauwerenburg;  in  Italy  by  Spallanzani  and  Volta;  in 
Spain  by  Proust  and  others. 

*  Fourcroy,  in  his  **Genor«l  Syelem  of  Chemicjil  Knowledc:^/'  sspcrU  that  B^r- 
tbolli't  di'!Cover»'d  also  tho  real  nature  of  the  prctwndod  •'  dfphlogisiiienied  marine 
acid,**  or  chhirinn  gas.  This  nei^ds  correction.  It  was  di(^covi*rrd  by  Scheele  in 
1774.  and  considered  by  him  as  a  Fimple  body.  Berthollet,  however,  at  the  time 
of  the  publication  of  the  above  cited  work  (1804V  still  held  it  to  be  a  compound  of 
muriatic  add  gas  and  oxyiren,  which  explains  tne  name  "  oxy muriatic  gas  "  met 
with  in  the  older  chemical  books.  Since  180S,  according  to  Davy,  M.  M.  Gay 
Lussac,  Thenard  and  Curandau  laid  claim  to  the  idcMS  of  ••  oxymuriaiic  gas  '*  b<Mng 
a  Kimplo  body,  and  of  muriatic  acid  gas  being  composed  of  this  substance  and  hydro- 
gen ;  but  these  opinions,  ho  adds  ju&lly,  were  stated  by  the  illustrious  discoverer  iu 
1774. 

t  Cuvier,  Eloges,  I.,  p.  20.  Whewell,  History  of  the  Inductive  Sciences,  II., 
278.    Third  Jfid. 
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by  which  the  names  of  metallic  salts  are  designated '  ^ 
the  acid  and  of  the  metal  entering  into  their  Qor-X  :f^ 
the  salts  which  are  formed  by  the  union  of  a  -^  jj  r? 
acid,  or  oil  of  vitriol,  are  called  vitriols:  and  i/  rl  ^.  .;' 
is  replaced  by  nitric  acid.  To  TorberxT"  i'  ^r  >  ':' 
at  Upsala,  in  Sweden,  chemistry  owes  'j^  .-/T  7  ' 
more  convenient  set  of  names.     The    -f  ^ 

Upsala  Transactions,  issued  sep      -^ 
his  work  "  Essays  Physical  and  ^        ^     •" 

"  I  am  not  ignorant "  he  sayr 
money,  possess  an  ideal  valu  '  . 

may  be  apprehended  from  '  ^  ^ :-'  ^, 

cannot  be  denied  that  che  f 
erly  filled  with  impropf  ; '- 
earths  and  metals  we^ 
tive  to  indicate  the  ^ 

Alkali  minerale 

"  "  ciud 


<  i- 

jh 

•nd 

^tly, 

JlUSt 

ce  of 

;heme 

claim 

.ssifica- 

^  ^ :-'  ^,  delineated 

.^lagination  by  the 

.oe  became  as  easy  and 

.a  and  difficult."* 

^^on  the  proposition  that  all  sub- 

ved  into  different  bodies  must  be  re- 

that  the  names  of  compound-bodies 

"  "       ^   the  elements  which  they  contain,  and  also,  if 

Alkali  veg      jlative  proportions.     Oxygen,  being  considered  at 

"  J,  only  body  capable  of  producing  acids,  the  compounds 

"         ^rgre  subdivided  into  "  primitive  binary  oxides,"  '*  variable 

The.  .'\ides,"  and  "acidifiable  binary  oxides."     Water,  or  oxide 

argir^/Lgen  was  the  only  substance  reckoned  to  the  first  class.   In 

^  /^^od  division,  most  metallic  oxides  were  included,  and  in  the 

t"*    "6  the  mineral  acids.     The  latter  were  again  distinguished  by 

^■^c  names,  terminating  in  eux,  or  ique,  respectively,  according 

itbe  quantity  of  oxygen  they  contained ;  e.  g.,  acide  sul/ureux, 

^ide  sul/urique;  acide  nitreitx,  acide  nitrique.     When  the  appella- 

jjons  of  acids  terminated  in  ewx,  the  names  of  metallic  and  other 

oalts  formed  by  them  were  made  to  end  in  ite;  and  in  ate  when  the 

flcid  ended  in  ique.     Thus  were  formed,  sulfite  d^  ammoniaque^  or 

sulfite  ammoniacaly  nitrate  de  soude^  phosphate  de  sonde,  carbonate  de 

haryte,  Jcc, 

Thomas  Thomson,  in  1804,  introduced  the  iQvms  protoxide,  deutox- 
ide,  peroxide,  in  order  to  distinguish  the  various  stages  of  oxidation. 
This  was  one  of  the  earliest  improvements.  The  then  known  organic 
acids  received  arbitrary  appellations,  this  system  being  not  applica- 
ble for  compounds  consisting  of  elements  united  in  various  propor- 
*  Fourcroy'fl  General  System  of  Chemical  Knowledge,  I.,  p.  68. 
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"?  >  originated  the  names :  acide  suherique^  acide  succinique^ 

r^  "\&c.     However,  of  a  later  date  are  the  prefixes ^er 

}>^     '^'r^  ^'<\on  to  the  terminations  ie  and  ous^  ate  and  ite;  the 

;  *^yw  ^     '^^  ^afixes,  such  as  di^  tri,  sesqui;  the  substitution  of 

'o^^'-n'      '  ^^^  "^stitution  of  the  names  of  the  alkali  metals  and 

''^^  ^'l  •>                       ^hose  of  their  oxides  in  the  nomenclature  of 

.  /J,  ^''  .^  \-^                        salts,  and  many  others,  to  which  atten- 

*''^,     '       \  .  ^  continued.) 
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'-■^  -.lCTOR  CONDENSER. 

.Its  at  Ryesholm  Pit,  near  Dairy,  Ayrshire.] 

i;x  Rankine,  C.  E.,  F.  R.  S.,  &c.— 11  September,  1809. 

I. —  Oeneral  Description  of  the  Engine, 

^  engine  on  which  the  following  experiments  were  made  is  a 
.igle  cylindered  double-acting  horizontal  steam  engine.  It  drives 
a  fly-wheel  shaft,  which,  by  means  of  a  crank  and  connecting-rod, 
and  a  pair  of  bell-crank  levers,  works  a  pair  of  pumps  for  raising 
Water  from  a  pit.  The  work  done  by  the  engine  at  a  given  speed 
is  thus  practically  constant.  During  the  experiments  a  uniform 
speed  of  22  revolutions  per  minute  was  kept  up;  and  the  indicated 
horse-power  was  24J.  The  cylinder  is  without  a  steam  jacket,  con 
sequently  some  heat  is  wasted  through  condensation  and  re-evapo 
ration  in  the  cylinder,  which  might  be  saved  if  there  were  a  jacket, 
Throughout  the  experiments  the  engine  was  worked  at  full  steam 
the  admission  going  on  from  the  beginning  to  the  end  of  the  stroke 
The  diagrams  taken  show  a  fall  of  pressure  at  the  end  of  the  stroke 
to  the  extent  of  about  3  lbs.  on  the  square  inch,  below  the  initial 
pressure;  and  this  is  one  of  the  eflfects  of  condensation  in  the  cylin- 
der. They  also  show  a  gradual  formation  of  the  vacuum,  during 
the  earlier  part  of  the  return  stroke;  and  this  is  an  effect  of  the 
re-evaporation  of  water  previously  liquified  in  the  cylinder  through 
the  want  of  a  steam  jacket.  The  engine  was  originally  non-con- 
densing, and  was  converted  into  a  condensing  engine  by  the  addition 
of  an  Ejector-Condenser. 

II.  Principal  Dimensions  of  the  Engine. 

Stroke 4}  feet 

Diameter  of  cylinder 18  inches. 

Area  of  piston  (allowing  for  half  piston  rod).i...» «.*  252  square  inches. 

=  1-75  square  feet. 

Space  swept  by  piston  per  revolution.. « « «...*.      15-75  cubic  feet. 

Space  swept  per  minute  at  22  revolutions* 846*6    cubic  feet. 

MeuD  speed  of  piston,  at  22  revolutions  per  minute*. « **    198  feet  per  min. 
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III. —  General  Description  of  the  ExperiTnerUs. 
The  engine  being  kept  working  at  the  before-mentioned  steady 
speed  of  22  revolutions  per  minute,  the  quantity  of  water  discharged 
from  the  condensing  apparatus  was  measured  by  means  of  a  suit- 
able guage;  and  the  rise  of  temperature  of  that  water  was  ascertained 
by  comparing  together  two  thermometers,  one  in  the  cold  well  and 
the  other  in  the  liot  well.  1'hus  were  obtained  data  for  calculating 
the  total  expenditure  of  steam,  from  its  heating  effect  on  the  con- 
densation water.  Indicator  diagrams  were  also  taken  to  show  the 
power,  and  the  pressure  and  vacuum  in  the  cylinder  when  working 
as  a  condensing  engine.  The  exhaust  pipe  of  the  cylinder  was  then 
disconnected  from  the  condensino:  apparatus,  and  made  to  discharge 
the  exhaust  steam  into  the  air.  The  engine  was  thus  made  to  work 
as  a  non-condensing  en<»ine,  at  the  same  speed  and  against  the  same 
load  as  formerly:  and  indicator  diagrams  were  taken  to  show  the 
pressure  in  the  cylinder  under  these  circumstances.  All  the  dia- 
grams showed  the  same  mean  effective  pressure,  viz:  16'2  lb.  on  the 
square  incli ;  Jin<l  the  same  power,  viz:  24J  i.  ii.  p.  The  boiler  pres- 
sure, as  shown  by  the  steam  gunge,  ranged  from  29  to  32  lbs.  on  the 
square  inch  above  the  atmosphere;  but  in  all  the  experiments,  whe- 
ther wi.th  or  without  condensation,  the  pressure  in  the  cylinder  was 
greatly  reduced  bv  means  of  the  throttle  valve.  The  vacuum  gauge, 
when  condensation  was  used,  remained  almost  perfectly  steady  at 
24  inches  =  11*76  lb.  on  the  square  inch;  and  this  is  sensibly  iden- 
tical with  the  greatest  vacuum  shown  by  each  of  the  diagrams. 

IV. — Experiments  made  without  Condensation. 

Inltifil  pressure  ofsteuin  lbs  on  the  squuro  inuh  ubove  ainiO!>pher4* 19* 

Final  pres^un*,  ditto 16* 

"Weight  oi  steam  expended  in  lbs.  pur  hour,  as  calculated  fiom  final  pres- 
sure, in  c}linder 1578* 

Bitlo  in  lbs.  per  i.  n.  p.  per  h«>ur 61'4 

Weight  tit'steatn  expended  in  lbs   per  h«iur,  as  calculated  from  initial  prt*ii- 

sure  in  cylinder 1731' 

Ditto  per  i.  H.  p.  per  hour ^       70-7 

V. — Experiments  made  with  Condensation. 

Initial  pressure  of  steam  lbs.  on  the  square  inch  above  almofiphero 9* 

final  pressure,  ditto g. 

Vaceum  at  end  of  exhaust,  lbs  on  the  square  inch 11-7 

"Weight  of  steam  expended  in  lbs.  per  hour,  ms  calculated-  from  final  pres- 
sure in  cylinder 1086- 

Ditto  per  I  H  P.  per  hour   44.3 

"Weigl.t  of  steam  expended  in  lbs.  per  hour,  as  calculated  from  initial  pres- 

sure  in  cylind«T 1234* 

Ditto  per  i.  h.  p.  per  hour 50-3 

Hence  it  appears  that  when  the  expenditure  of  steam  is  computed 
from  the  indicator  diagrams,  it  is  found  to  be  reduced  by  the  addi- 
tion of  the  condensing  apparatus  to  about  seven-tenths  of  its  previous 
amount,  when  the  engine  is  doing  the  same  work, — in  other  words, 
the  saving  is  30  per  cent. 
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VI, — ttesult  of  Experiments  on  the  Condensation  Water. 

The  quantity  of  water  diso.harged  from  the  condensing  apparatus 
was  gauged  by  causing  it  to  pass  out  of  a  tank  through  an  accu- 
rately turned  and  measured  circular  orifice  in  a  thin  plate  of  sheet 
iron,  and  measuring  the  height  above  the  centre  of  that  orifi(;e  at 
which  the  surface  of  the  water  in  the  tank  stood.  The  following 
are  the  data  and  results : — 

Diameter  of  the  orifiue,  inches 3*5 

Total  area  in  fractions  of  a  square  fo«»t 0-06682 

Eff.'clive  area,  the  co  efficiciu  of  <oniractioii  bring  0  618  0-U4I2 

Head  of  watiT  ill  tank 1  j^  feet. 

V»flf»city  at  contracted  vein  produci'd  by  that  head,  feet  per  second....  9  OS 

Discharge,  cubic  feet  per  second 0*872 

Do.  do.        pcrniinute 22  32 

Do.  do.        per  hour 188y-2 

Do.         lbs.  per  hour 83480- 

Temperature,  cold  \v<'ll 62°  Fahr. 

Do.  hot  well 70°      »• 

Diffidence r 18®      " 

Units  of  heat  {  Hrilish)  per  hour  given   by  the  steam  to  the  water, 

very  nearly , 1,6  2,000 

Total  heat  of  steam  Ironi  62°  at  23  .°  (lM*ing  the  ifmpcruiure  corres- 
ponding to  final  p^•^sure  in  cyliitder).  British  unit** 1,131 

Total  steam  eondensfd  in  lbs   per  hour,  as  calculated  from  eliecls  on 

water  <if  conden.«ation 1328* 

Ditto  per  I.  H.  P.  per  hour 61*2 

The  excess  of  the  total  expenditure  of  steam  as  thus  computed, 
above  the  expenditure  as  shown  b}'  the  diagrams,  is  to  be  accounted 
for  mainly  by  condensation  and  rc-evaporation  in  the  cylinder  which 
go  on  in  all  engines  not  provided  with  steam  jackets. 

YU.— Further  Comparisons  of  Expenditure  of  Steam. 

The  calculations  of  the  expenditure  of  steam  in  lbs.  per  hour, 
and  in  lbs.  per  indicated  horse-power  per  hour,  with  and  without 
condensation,  are  here  recapitulated  :— 

With  Condensation.  LiMi.Ptoam        ^r'l^Hr^ 

p<r  lluur.  per  Hour. 

A,  Cftlculntpd  from  final  pressure,  as  shown  by  diagram       1086  44-8 

a.  Calculated  from  initial  prfiiMire,  as  shown  by  dia- 
gram, the  fall  of  prcfsure  during;  admision  being 
a$-crii>ed  to  liquefaction  in  the  cylinder 1234  60*3 

C.  Calculated  from  effects  on  temperature  of  water  dis- 

charged   .7. 1328  64-2 

Without  Condensation. 

D.  Calculated  from  final  prossuro,  as  shown  by  diai^ram       1678  64*4 

E.  Calculated  from  initial  pressure,  as  shown  by  dia- 

gram, the  fall  of  pressure  during  admission  being 

ascribed  to  liquelaction  in  the  cylinder 1731  70-7 

The  diflFerence  between  the  numbers  marked  B  and  Cin  the  pre- 
ceding table,  viz :  94  lbs.  per  hour,  or  8*9  lbs.  per  indicated  horse- 
power per  hour,  being  7  per  cent,  of  the  total  expenditure  of  steam 
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marked  C — represents  the  quantity  of  steam  lost,  or  ineffectively 
expended,  through  the  following  causes : — 

1.  Filling  Qylinder-ports  and  clearance. 

2.  Liquefaction  immediately  on  entering  the  cylinder  (followed 

by  re-evaporation  during  return-stroke). 

3.  Leakage  past  the  packing  of  the  piston. 

4.  Expenditure  at  the  starting-jet  of  the  condensing  apparatus. 

It  is  evident,  however,  that  the  first  three  causes  alone  are  suffi- 
cient to  account  for  the  whole,  or  nearly  the  whole,  of  a  waste  of 
steam  amounting  to  7  per  cent  of  the  whole  expenditure ;  and  this 
is  in  accordance  with  the  fact  that,  during  the  working  of  the  engine, 
the  cock  of  the  starting-jet  is  kept  so  nearly  closed  that  the  escape 
through  it  must  be  almost  inappreciable,  being  just  sufficient  to 
prevent  the  suction  of  air  at  the  small  hole  in  the  cylinder  of  the 
self-acting  piston-valve,  by  which  the  starling-jet  is  regulated. 

When  the  engine  was  worked  without  condensation  there  were 
no  means  of  measuring  the  total  expenditure  of  steam,  including 
waste,  as  there  were  when  condensation  was  used.  If  we  assume, 
however,  an  allowance  which  is  commonly  made  in  practice  for 
clearance,  leakage  of  piston,  packing,  &c.,  viz :  5  per  cent.,  we  ob- 
tain the  following  probable  estimate  of  the  total  expenditure  of 
steam  without  condensation: — 

Lba.  Stmm. 
Lbs.  Steam  per  i.h.p. 

per  Hour.  per  Hoar. 

E,  Expenditure,  as  already  calculated  from  initial  pressure    1781  70-7 

Add  5  per  cent,  for  clearance,  leakage,  &c 87  8'5 

/^.  Probable  total  expenditure  without  condensation 1818  74-2 

0.  Total  expenditure  with  condensation,  as  before 1828  54*2 

Difference,  being  net  saving  by  the  use  of  the  Ejector- 
Condenser 490  20-0 

Being  27  per  cent,  of  the  greater  expenditure.  This,  however,  is 
probably  a  low  estimate  of  the  savings,  for  it  is  based  on  a  low 
estimate  of  the  waste  of  steam  in  the  non-condensing  engine. 

Yin,— Useful  Work. 
The  useful  work  done  by  the  engine  is  calculated  from  the  fol- 
lowing data : — 

Diameter  of  bucket  of  each  of  the  two  pumps 10^  inches. 

Stroke 4    feet. 

Height  oflift 26  fathoms  =s  160      " 

Douole  strokes  per  minute,  5-9th8  of  number  of  revolutions  of  engine  or    12  J 

The  results  are : — 

Work,  foot-lbs.  per  minute 550,868 

Effective  horse-power 16-68 

Indicated  horse-power,  as  already  stated 24"6 

IneflBciency,  or  ratio  of  effective  to  indicated  power., 0-68 

That  is  to  say,  34  per  cent,  of  the  indicated  power  is  the  power  ex- 
pended in  overcoming  the  friction  of  the  pistons,  valves,  mechanism 
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of  engines  and  pumps,  and  pump  plungers, -and  the  resistance  of 
pipes  and  valves  to  the  motion  of  the  water  raised  by  the  pumps. 

IX. —  Conclusions. 

The  principal  conclusions  to  be  drawn  from  the  experiments  are, 
that  the  use  of  the  Ejector-Condenser  effects  a  saving  of  steam,  as 
compared  with  the  expenditure  of  steam  by  the  same  engine  when 
doing  the  same  work  without  condensation,  which  certainly  amounts 
to  27  per  cent.,  and  probably  to  30  per  cent.:  that  there  is  probably 
a  greater  proportionate  saving  in  the  fuel  burned ;  for  it  is  well 
known  that  a  diminution  in  the  absolute  quantity  of  fuel  burned  in 
a  boiler  increases  the  proportionate  evaporative  power  of  the  fuel, 
by  diminishing  the  waste  of  heat:  that  there  is  a  steady  vacuum  of 
2i  inches  of  mercury,  or  11-75  lbs.  on  the  square  inch  :  that  the  ex- 
penditure of  steam  by  the  starting-jet  is  certainly  very  small,  and 
probably  almost  inappreciable:  that  the  condensing  apparatus  is 
easily  manageable  and  not  liable  to  get  out  of  order:  and  that  it 
has  been  added  to  the  engine  without  requiring  any  addition  to  the 
size  of  the  engine-house,  and  without  causing  any  inconvenience  by 
the  space  which  it  occupies  there. 

Ic  may  be  remarked  that  the  present  example  of  the  Ejector- 
Condenser,  having  been  originally  intended  for  a  larger  engine,  dis- 
charges a  quantity  of  water  greater  than  is  absolutely  necessary  for 
the  condensation  of  the  steam,  and  therefore  at  a  lower  temperature 
than  if  the  condenser  had  been  specially  designed  for  the  engine; 
and  that  it  therefore  does  not  show  the  advantages  of  the  Ejector* 
Condenser  to  their  full  extent. 


THE  U.  S.  CABINET  OF  PRACTICAL  GEOLOGY  AND  MINING. 

Under  the  direction  of  the  Commissioner  of  the  General  Land 
OflSce,  the  Ho:^.  Jos.  S.  Wilson,  a  cabinet  has  been  organized  at 
the  seat  of  the  government,  for  the  collection  and  preservation  of  a 
complete  system  of  geological  and  mineralogical  memorials  of  the 
whole  country,  especially  of  the  public  domain,  and  an  alcove  sur- 
mounted by  the  coat  of  arms  of  each  State  has  been  assigned  for  the 
preservation  of  the  particular  specimens  of  each  State  and  Territory. 
The  special  organization  of  the  cabinet  was  put  in  charge  of  Mr.  A. 
R.  BOBSSLER,  formerly  connected  with  the  geological  survey  of 
Texas,  and  member  of  the  Imperial  Geological  Institution  of  Vienna. 
The  specimens  have  been  arranged  on  scientific  and  systematic 
bases  looking  to  the  presentation  of  a  synopsis  of  the  principal  geo- 
logical subdivisions  with  the  different  periods  and  epochs  upon  a 
Vol-.  LVIII.— Third  Series.— No.  5.— November,  1869.         48 
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regular  scale.  The  cabinet  illustrates  the  character  of  the  minerals 
from  every  part  of  the  country,  and  the  government  will  be  enabled 
to  collect  more  reliable  statistics  and  more  accurate  general  infor- 
mation than  can  be  obtained  by  any  other  method;  it  includes  the 
mineral  products  of  the  whole  country,  so  arranged  as  to  give  at  a 
glance  an  idea  of  the  resources  of  each  State  and  Territory,  viz : 
1st.  A  series  of  all  the  ores,  native  metals,  useful  minerals,  coal, 
salt,  sulphur,  mineral  waters,  limestone,  marls,  native  fertilizers, 
fire  clays,  building  materials,  &c.  2d.  A  collection  of  all  specimens 
that  throw  light  on  the  geological  structure  of  the  country,  such  as 
fossils  and  lithological  or  rock  specimens.  8d.  It  is  in  contempla- 
tion to  collect  models  of  all  mining  and  metallurgical  machinery, 
implements,  apparatus  and  specimens  of  all  the  various  products  of 
metallurgical  processes,  such  as  regulus  and  mat,  slags  and  other 
furnace  products,  dressed  and  concentrated  ores^  amalgams  and  tail- 
ings. 4th.  Sections^  models  and  working  plans  of  mines,  to  illus- 
trate the  principles  and  practical  application  of  mining  engineeringi 
The  brief  career  of  this  cabinet  so  far  proves  that  it  supplies  a 
want^  that  it  represents  a  great  interest  in  the  country,  and  it  is 
already  looked  to  by  an  industrial  class,  the  mining  population, 
equal  in  intelligence  and  importance  to  any  other,  for  encouragement 
and  assistance*  To  bestow  this  advantageously,  the  cabinet  should 
be  enlarged  and  supplied  with  the  means  and  skill,  to  examine  and 
report  on  the  mineral  products  received.  More  especially  are 
needed,  large  suites  of  domestic  and  foreign  minerals  for  comparison, 
care  being  taken  that  any  so  obtained  shall  be  authentically  labelled 
and  arranged  according  to  the  most  approved  scientific  methods- 
It  is  evident  that  to  accommodate  the  enormous  collections  that 
will  ultimately  be  made,  a  suitable  building  should  be  provided  at 
the  outset.  This  edifice  should  be  erected  especially  for  the  pur- 
pose, inasmuch  as  there  is  nothing  of  the  kind  in  Washington  that 
could  be  made  available.  The  suite  of  rooms  in  the  General  Land 
Office  now  devoted  to  the  cabinet  would  hardly  hold  a  fraction  of 
the  collections  necessary  to  illustrate,  even  in  an  imperfect  manner, 
the  universal  wealth  of  a  territory  so  vast  as  the  United  States. 
The  collections  already  made  since  the  organization  of  this  cabinet 
would  fill  such  a  place  many  times  to  overflowing.  Besides  this, 
the  collections  of  the  various  government  surveys  and  expeditions, 
now  stored  in  the  cellars  of  the  Smithsonian  Institution  and  in  part 
elsewhere  would  belong  legitimately  to  this  cabinet. 
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To  dwell  on  the  necessity  that  exists  for  such  an  institution  is 
perhaps  hardly  requisite.  All  the  leading  governments  of  Europe, 
where  mining  forms  at  all  an  important  source  of  revenue  to  the 
country,  possess  their  museums,  and  we  are,  of  all  the  great  powers, 
the  only  one  without  a  mining  bureau  or  cabinet.  The  United 
States  are  usually  not  in  the  rear  of  nations  in  the  march  of  im- 
provement or  in  the  fostering  of  enterprise,  calculated  to  advance 
the  prosperity  of  the  country.  The  dignity  of  the  nation  demands 
such  a  museum,"  it  is  needed  because  without  it,  it  will  be  impossi- 
sible  to  obtain  a  clear  idea  of  or  accurate  information  regarding  the 
mineral  resources  of  all  the  States  and  Territories. 

The  reports  of  the  Commissioner  of  Mining  Statistics  are  good, 
so  far  as  they  go,  but  the  system  is  a  defective  one ;  it  does  not  cover 
half  the  ground,  and  the  information  is  derived,  at  best,  from  im- 
perfect data.  Such  a  report  loses  half  its  value,  from  not  being 
illustrated  by  specimens  of  the  minerals  and  ores  described.  It  is 
also  too  local  in  its  character,  describing  the  resources  of  but  a 
limited  region.  But  the  cabinet  will  illustrate  the  character  of  the 
minerals  from  every  part  of  the  country ;  it  is  the  first  step  in  the 
right  direction,  and  will  be  the  natural  outgrowth  of  the  future 
National  Bureau  of  Mines  of  the  United  States  of  America. 

No  department  in  the  government  is  so  well  adapted  to  the  or* 
ganization  of  such  a  museum  as  the  General  Land  Office,  the  bene- 
ficial influence  of  which  never  has  been  so  deeply  felt,  since  it  has 
been  under  the  direction  of  such  a  distinguished  talent,  as  that  of  the 
Hon.  Jos.  S.  Wilson.  The  nature  of  the  occupation  of  its  em- 
ployees brings  them  more  in  contact  with  the  miner  and  quarryman 
than  any  other  of  the  officers  of  the  government.  They  meet  the 
miner  in  the  field  and  possess  an  advantage  in  this  respect  over  the 
Tax  Collectors.  The  surveyor  is  usually  also  from  his  training, 
better  qualified  to  collect  suitable  specimens  understandingly.  The 
ramifications  of  the  Land  Office  extend  into  all,  or  nearly  all  the 
mining  regions  and  its  officers  can,  with  but  little  additional  labor, 
procure  proper  material  for  the  formation  of  such  a  museum  as  the 
one  contemplated. 

The  question  will  naturally  arise  in  the  minds  of  those  acquainted 
with  the  subject — what  benefits  are  to  be  gained  ?  what  good  will 
come  from  the  foundation  of  this  museum  ?  The  benefits  are  nu- 
merous and  varied.  Through  it,  we  will  be  able  to  obtain  more 
accurate  information  than  is  possible  at  present,  of  the  character 
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and  relative  value  of  the  mineral  products  of  all  sections  of  the 
country,  and  more  reliable  statistics  of  our  mineral  wealth  as  a  na- 
tion than  by  the  present  plan  of  the  employment  of  a  Commissioner 
of  Mining  Statistics.  The  government  would  be  in  constant  com- 
munication with  all  persons  in  the  country,  who  are  in  position  to 
give  accurate  information  on  these  subjects,  and  would  not  have  to 
depend  on  the  interested  statements  of  mine  owners  and  superin- 
tendents or  of  irresponsible  parties,  anxious  to  magnify  the  import- 
ance of  their  own  districts  at  the  expense  of  truth  and  the  dispar- 
agement of  their  neighbors.  It  will  enable  the  respective  employees 
to  utilize  the  results  of  government  surveys  and  explorations,  and 
to  furnish  to  the  government  useful  data  on  which  to  base  mining 
legislation,  in  order  to  obtain  in  the  most  satisfactory  and  efficient 
manner,  the  revenue  from  this  department  of  the  national  wealth* 

Another  result,  and  by  no  means  the  least  that  we  foresee,  is : 
the  accumulation  of  reliable  information  on  the  subject  of  working 
metals,  whereby  the  processes  in  each  case  can  be  ascertained.  This 
will  prevent  the  waste  of  many  times  the  amount  of  money  which 
the  whole  enterprise  will  cost. 

Every  year  millions  of  dollars  are  thrown  away  in  fruitless  at- 
tempts to  accomplish  satisfactory  results  in  the  working  of  ores. 
This  can  never,  of  course,  be  entirely  checked,  though  the  more 
intelligent  class,  of  miners  is  anxious  to  learn,  and  many  would 
avail  themselves  of  these  means  of  enlightenment  who  now  work 
in  the  dark,  simply  because  they  have  no  means  of  knowing  better. 

We  might  go  on  detailing  arguments  in  favor  of  the  enlargement 
of  the  cabinet,  almost  ad  infinitum^  but  we  shall  desist.  The  pre- 
sent cabinet  has  been  built  up  without  any  appropriation  from  the 
government,  and,  comparatively  small  as  it  is,  is  an  earnest  of  what 
can  be  done  if  the  proper,  authorities  lend  a  helping  hind.  We 
cannot  but  believe  that  Congress  will  take  the  matter  in  hand  in  a 
liberal  spirit,  if  the  members  can  only  be  made  to  understand  the 
importance  of  the  undertaking.  We  have  in  the  new  countries 
between  the  Pacific  States  on  the  west,  and  the  eastern  base  of  the 
Eocky  Mountains  on  the  east,  a  region  large  enough  for  an  empire 
in  itself,  and  abounding  in  minerals.  Untold  wealth  awaits  the 
labors  of  the  hardy  miner  and  demands  that  the  government,  whom 
the  people  has  placed  in  the  exalted  position  of  trustee  of  all  the 
interest,  mining  included,  should  provide  what  is  necessary  for  the 
full  development  of  the  immense  mineral  resources  of  our  country. 
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ON  ELECTRICITY  APPLIED  TO  REGISTERING  VIBRATIONS. 

By  Prof.  Le  Kot  C.  Cooley. 

In  a  recent  number  of  this  Journal^  (January,  1869,)  I  described 
an  Electric  Register^  with  which,  by  the  application  of  electricity,  a 
direct  registry  of  vibrations  may  be  made  in  all  cases  where  the 
motion  has  an  appreciable  amplitude.  The  possibility  of  studying 
the  relation  of  the  tones  of  stringed  instruments  was  at  the  same 
time  hinted,  but  the  experiments  in  this  direction  were  made  with- 
out the  precautions  necessary  to  secure  accuracy.  They  were 
then  mentioned  only  to  suggest  this  interesting  application  of 
the  instrument,  and  the  results,  as  they  were  unfortunately  made  to 
appear,  were  not  such  as  to  inspire  confidence  in  the  method.  More 
careful  experiments  have  since  been  made,  and  the  actual  pitch  of 
all  the  tones,  in  a  little  less  than  three  octaves  of  the  piano,  has  been 
determined. 

For  a  description  of  the  registering  instrument,  and  the  method 
of  making  the  necessary  and  delicate  adjustments,  the  reader  is 
referred  to  the  former  paper.  A  few  words  only  may  be  here 
added  to  that  explanation  of  its  action. 

The  vibrations  of  the  wire  are  made  to  occur  in  a  vertical  plane 
opening  and  closing  an  electric  circuit  with  corresponding  rapidity, 
and  a  dot  is  made  upon  the  moving  paper  at  the  moment  when  the 
lowest  point  in  the  vibration  is  reached.  The  experiment  begins 
when  the  wire  is  above  its  line  of  rest:  the  first  dot,  therefore, 
represents  one-half  of  one  complete  vibration.  Should  the  experi- 
ment end  when  the  wire  is  at  the  highest  point  in  its  motion,  the 
number  of  dots  would  show  the  exact  number  of  complete  vibra- 
tions made;  but  since  it  may  end  when  the  wire  is  at  any  point  of 
its  path,  there  may  be  a  possible  error  of  less  than  one-half  of  a 
complete  vibration  in  an  experiment  one  second  in  length.  As  the 
time  is  lengthened,  the  error  is  diminished;  in  a  registry  of  five 
seconds  the  maximum  error  would  be  less  than  one-tenth  of  one 
vibration  per  second. 

The  precision  with  which  the  laws  of  vibration  may  be  verified 
by  the  use  of  this  instrument  is  in  the  highest  degree  satisfactory. 
However  numerous  the  repetitions  of  an  experiment  may  be,  the 
registry  varies  only  by  a  single  dot.  Moreover,  it  makes  the  law 
rest  upon  no  comparison  of  sounds  produced  by  the  vibrations,  nor 
upon  any  other  effect  of  the  motion,  but  upon  the  vibrations  them- 
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selves,  whose  numerical  relations  are  directly  shown.  Vibrations, 
sonorous  or  otherwise,  are  thus  equally  the  subject  of  experimental 
investigation. 

But  to  return  to  the  experiments  made  upon  the  vibration  of  the 
piano  wires,  with  a  view  to  register  the  standard  pitch,  and,  at  the 
same  time,  to  furnish  the  data  upon  which  to  study  the  numerical 
relations  of  the  intervals  in  the  scale. 

Mr.  Harwood,  with  Chickering  Sons,  Boston,  very  kindly  trans- 
mitted the  pitch  of  the  Boston  Music  Hall  Organ  to  Prof.  T.  Spencer 
Lloyd,  of  Albany,  at  whose  request,  also,  Mr.  G.  N.  Collier,  with 
much  care,  put  a  piano  in  tune  with  that  famous  instrument.  It 
may,  therefore,  be  assumed  that  the  piano  whose  vibrations  have 
been  registered  represents  the  present  standard  pitch. 

The  piano,  with  its  needle  attachments,  being  in  tune,  and  the 
register  being  carefully  adjusted,  a  series  of  experiments,  covering 
nearly  three  octaves  was  made,  and  the  results,  each  being  the  mean 
of  three  experiments,  are  given  in  the  following  table. 

This  table  of  vibration  differs  from  all  others  relating  to  music, 
so  far  as  I  know:  first,  in  being  the  result  of  a  direct  registry;  and 
second,  in  that  it  shows  all  the  intervals  of  the  scale. 


Ist  OcUvo  (lowest). 

2d  Octave. 

8d  OcUve. 

NOTES. 

No. 
per 

of  Vibs. 
second. 

NOTES. 

No 
pel 

OfVibs. 
second. 

NOTES. 

No.ofVibf. 
per  second. 

0 

30-8 

C 

61-6 

c 

1231 

C:*: 

327 

C:*: 

66-5 

C:* 

180-8 

D 

84-7 

D 

69-8 

D 

138-6 

D:*: 

36-7 

D:*: 

78-4 

D:* 

1467 

E 

88-7 

E 

77-4 

E 

164-7 

F 

41-8 

F 

88-6 

F 

166-6 

F^ 

44-2 

F:*^ 

88-3 

F:* 

176-6 

G 

46-8 

G 

98-6 

G 

1871 

G:* 

4g-4 

G:*: 

98-7 

G:* 

197  4 

A 

62  2 

A 

104*4 

A 

208-5 

A:^ 

54-4 

A:*^ 

108-7 

B 

57-7 

B 

116-7 

C 

61-5 

I        C 

123-1 

The  octave  above  the  last  note  (A  —  208-5)  in  the  above  table, 
is  the  la  usually  referred  to  in  describing  the  pitch  of  the  orchestra. 
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It  would,  according  to  this  registry,  be  produced  by  -. 
vibrations  per  second. 

In  the  time  of  Louis  XIV.,  the  pitch  of  this  A  was,  a 
Sauveur,  405  vibrations  per  second,  while  by  the  action 
gross  called  together  by  the  Society  of  Arts,  at  London, 
was  440.  The  same  note  sounded  by  Handel's  tuning- 
is  said  to  have  been  made  by  416  vibrations  per  secoi 
thus  be  seen,  that  while  the  present  pitch  is  nearly  one  hi 
higher  than  that  referred  to  by  Sauveur,  and  conside 
than  that  interval  lower  than  that  of  the  London  Congre 
with  the  pitch  adopted  by  Handel  to  within  a  single  vil 


EASY  RULES  FOR  ASTRONOMICAL  REFRACTIC 

By  Benjamin  Smith  Lyman. 

In  using  the  solar  compass,  as  well  as  other  astronon 
ments,  the  refraction  of  the  atmosphere  must  be  taken  i 
as  changing  the  apparent  place  of  the  sun  or  other  hea^ 
In  the  zenith,  the  apparent  place  of  such  a  body  is  not 
refraction,  but  everywhere  else  it  is  raised  above  the 
little  near  the  zenith,  but  more  and  more  towards  the  h 
some  thirty-five  minutes  at  the  horizon.  The  amount  ( 
ment  changes  too  with  changes  in  the  weight  and  heat 
as  shown  by  the  barometer  and  thermometer.  Near  : 
the  refraction  is  great  and  changes  very  fast  with  a  si 
of  the  true  height  or  altitude;  and  as  the  rays  of  light  tl 
a  greater  distance  through  the  air,  and  through  much 
near  to  the  earth's  surface,  they  are  greatly  exposed  to  c 
variations  along  their  path  in  the  weight  and  heat  of  th< 
tions  that  clearly  must  be  quite  unknown.  Hence,  a 
say  that  no  table  of  refraction  can  be  depended  on  witt 
grees  of  the  horizon,  although  tables  are  given  all  th< 
the  zenith  down  to  the  horizon. 

It  is  customary  to  calculate  the  refraction  for  any  gi 
of  a  heavenly  body,  and  for  any  state  of  the  air,  by  mea 
tables  and  by  complicated  formulas.  But  for  the  soh 
which  has  no  means  of  marking  the  refraction  nearer  tl 
minutes,  and,  indeed,  for  sextants  or  other  instrumei 
not  read  closer  than  to  five  seconds,  two  or  three  very  s 
are  as  good  as  the  tables  for  all  heights  above  three  c 
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a-half ;  and  observations  should  not  be  made  lower  than  that,  at 
any  rate.  These  rules  are  very  easy  to  remember,  and  by  them  the 
refraction  can  readily  be  calculated  in  the  head. 

The  first  rule  is  for  the  mean  refraction — that  is,  the  refraction 
when  the  barometer  is  at  thirty  inches  and  the  thermometer  at  fifty 
degrees,  Fahrenheit.  Add  one  degree  and  three-quarters  (1®  45')  to 
the  true  altitude,  and  divide  sixty-eight  degrees  (68°)  by  the  sum;  take 
one-half  {D  from  the  quotient,  and  the  remainder  toill  he  the  number 
of  minutes  of  mean  refraction.  For  example,  to  find  the  refraction 
for  a  true  altitude  of  seven  degrees  and  fifty-eight  minutes : 

68° 68°   _    _ 

7 o"58M^i °~ 4o ~ i ■"  WW ~^^*^—^  =  ^h 
and  the  refraction  is  six  minutes  and  a-half,  exactly  as  given  in  the 
table  of  refraction  in  Chauvenei's  Astronomy  (1868).  With  an  in- 
strument, like  the  solar  compass,  that  marks  the  refraction  only  to 
the  nearest  full  minute,  the  whole  number  of  the  quotient  will 
simply  be  taken  as  the  refraction :  as  seven  in  the  example  just 
given.  For  plainly  any  quotient  between  seven  and  eight  would 
answer  to  a  refraction  between  six  and  a-half  and  seven  and  a-half 
— that  is,  in  round  numbers  to  seven. 

The  following  table,  chiefly  for  every  odd  half  minute  of  refrac- 
tion, shows  the  altitudes  down  to  two  degrees,  for  which  these 
amounts  of  refraction  are  calculated  by  the  rule,  and  the  refraction 
for  the  same  altitudes  by  the  tables,  and  the  diflerence  between  the 
two,  or  the  error  of  the  rule. 

It  is  clear,  that  for  any  altitude  above  two  degrees  and  a-half,  the 
rule  is  quite  exact  enough  for  any  instrument  that  does  not  read 
closer  than  half  minutes,  and  from  three  degrees  and  a-half  up  to 
sixty  degrees  for  any  instrument  that  reads  only  to  five  seconds. 

The  second  rule  is  for  instruments  that  read  to  five  seconds.  The 
mean  refraction  between  the  zenith  and  fifty  seven  degrees  {b1^)  altitude 
is  eleven  tenths  of  a  second  {\J'l)for  every  degree  of  distance  from  the 
zenith.  For  example,  the  refraction  at  75°  of  altitude  is,  by  this 
rule  16.''5,  or  only  one  second  more  than  is  given  in  the  tables,  and 
this  is  the  greatest  error  of  the  rule  anywhere  above  59°,  and  at 
67°  the  error  is  only  l."5. 

The  third  rule  is  for  the  allowance  to  be  made  for  changes  of  thd 
barometer  and  thermometer,  and  is  simply:  Add  to  the  mean  refrac- 
tion at  the  rate  of  doubling  for  a  rise  of  thirty  inches  in  the  barometer, 
or  for  a  fall  of  five  hundred  degrees  in  the  thermometer.     The  refrac- 
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tion  should,  of  course,  be  lessened  at  the  same  rate  for  a  fall  of  the 
barometer  or  rise  of  the  thermometer.  For  example,  when  the 
barometer  is  at  31-5  inches,  and  the  thermometer  at  75°,  the  mean 
refraction  of  ten  minutes  becomes  10  +  -J  g  X  1*5  —  J  g  X  25  =  10  + 
0*5  —  0-5  =  10 ;  that  is,  it  is  unchanged.    The  rule  is  exact  for  the 


" 

Tablk  I. 

Refraction. 

True  Altitude. 

—  -    ■  -  --- 

By  Rule. 

By  Table. 

Error  of  Rule. 

90<»  0 

0/  14//.4 

0^  0^^  0 

-f  14^'  -4 

68   0 

0  28  -5 

0  23   C 

-f  4  -9 

66  15 

0  80  -0 

0  25  -6 

+  4-4 

60   0 

0  86  0 

0  33  -6 

-i-  2  .4 

67   0 

0  89  -6 

0  87  -8 

+  1  -8 

32  16 

1  30  -0 

1  82  0 

—  2  0 

20  65 

2  80  0 

2  31  -0 

-  1  .0 

16  16 

3  80  0 

8  29  -7 

+  0-3 

11  61 

4  80  0 

4  29  -2 

+  0-8 

9  35 

6  80  0 

6  29  -8 

+  0-7 

7  68 

6  80  -0 

6  30  0 

0   0 

6  45 

7  80  0 

7  31   0 

~  1   0 

6  48 

8  30  0 

8  29  -9 

f  0   1 

5   3 

9  30  -0 

9  82  -8 

—  2-3 

4  26 

10  80  0 

10  31  -0 

—  1  -0 

8  66 

11  80  0 

11  29  .6 

+  0-6 

8  29 

12  30  -0 

12  28  -5 

+  1  .5 

8   6 

13  80  0 

13  27  -2 

-f  2  -8 

2  47 

14  80  -0 

14  40 

—  10 

2  80 

16  30  -0 

16  19 

—  11 

2  15 

10  80  0 

16  9 

—  21 

2   2 

17  30  -0 

16  58 

—  32 

barometer,  and  agrees  with  Chauvenet's  tables,  between  fifty  and 
a  hundred  degrees  of  the  thermometer,  but  gives  slightly  too  little 
refraction  for  a  low  state  of  the  thermometer.  This  error,  how- 
ever, at  ten  degrees  below  zero  is,  according  to  Chauvenet's  tables, 
only  eighteen  seconds  for  a  mean  refraction  of  ten  minutes;  and  ac- 
cording to  the  tables  given  in  Norton^s  Astronomy^  is  only  eleven 
seconds.  At  zero,  the  error  for  the  same  mean  refraction  would 
be  only  fourteen  seconds,  by  Chauvenet's  tables.  This  rule,  then,  is 
Vol.  LVIII.— Third  Seeies.— No.  6.— November,  1869.  44 
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quite  exact  enougli  for  any  instrument  that  does  not  read  closer 
than  half  minutes,  and  with  all  ordinary  weather  and  altitudes,  even 
for  instruments  that  read  to  five  seconds. 

The  following  table  gives  the  true  and  apparent  altitudes  down 
to  five  degrees  for  every  odd  half  minute  of  mean  refraction — that 
is,  the  altitudes  at  which  the  amount  of  refraction  changes  from 
one  minute  to  the  next,  when  only  full  minutes  are  taken  account 
of,  as  in  the  solar  compass. 

Table  II. 


Aim 

.ude. 

Apparent. 

Refraction. 

True. 

Exact. 

Nearest  Minute. 

W    0' 

90°  0^ 

(y  0^^ 

62     46 

62    46 

0    30 

0 

82     40 

32    42 

1    30 

1 

21     8 

21    5 

2    80 

2 

16     14 

16    17 

3    80 

8 

11     49 

11    63 

4    8D 

4 

9     84 

9    89 

6    80 

6 

7     68 

8.  4 

6    80 

6 

6     46 

6    64 

7    80 

7 

6     60 

6    68 

8    80 

8 

6     6 

6    14 

9    80 

9 

4     27 

4    88 

10    80 

10 

The  foregoing  tables  have  been  made  from  the  tables  in  Cfhauve- 
nefs  Astronomy,  with  the  help,  also,  of  the  older  ones  given  in 
Norton's  Astronomy  (edition  of  1867). 

136  Sontb  Fifth  Street,  Philadelphia. 
10th  September,  1869. 


ON  VARIOUS  PROCESSES  FOR  PRESERVING  TIMBER. 

Bt  De.  Adolph  Ott. 
(Concluded  from  page  248.) 

On  the  properties  of  resinous  timber,  and  the  unchangeabitity  of  resin- 
ous substances  in  general 
Among  the  various  woods  which  are  used  either  in  house,  ship- 
building, or  other  purposes,  we  meet  some  which,  though  even  when 
not  operated  upon  by  chemical  agencies,  are  renowned  for  their 
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extreme  durability.  It  is  especially  wood  of  close  texture  that  is 
rarely  attacked.  Moreover,  it  is  known  that  wood  rich  in  resin  is 
extremely  durable,  withstanding  the  action  of  heat  and  moisture, 
when  other  kinds  will  soon  decay.  This  fact  seems  already  to  have 
been  known  to  the  ancients,  for  Pliny  says  the  more  odoriferous 
timber  is,  the  more  durable  it  is. 

The  longer  a  tree  has  been  used  for  pitch,  the  less  durable  is 
the  timber  that  it  yields ;  and  it  may  be  asserted  that  the  wood  of 
the  coniferse  which  is  so  useful  for  all  kinds  of  carpenters'  work, 
owes  its  qualities  greatly  to  the  large  quantities  of  resin  secreted 
in  its  tissues,  they  rendering  it  impermeable  to  water,  and  thus 
capable  of  withstanding  its  action.  The  resin  becomes  concrete 
after  death  by  the  evaporation  of  the  essential  oils  which  held  it  in 
solution.  SoHACHT,  in  his  splendid  work,  "  Der  Baum  "  (the  tree), 
pp.  188  and  190,  relates  several  instances  of  the  wonderful  dura- 
bility of  resinous  timber.  This  author  examined  the  ruins  of  the 
castle  Ehrenstein,  near  Eemda,  Thuringia,  one  of  the  oldest  extant 
in  Germany,  and  found  the  wood  (yellow  pine),  perfectly  sound, 
and  but  a  little  turned  brown.  The  old  wood  of  the  Canarian  pine 
is  also  nearly  imperishable  on  account  of  the  resin  diffused  in  its 
tissues.  Schacht  relates  that  the  wood  work  of  the  column  of  the 
Patio  and  its  galleries  in  the  dwellings  on  Teneriffa  and  Gran 
Canaria,  is  as  well  preserved  as  if  freshly  felled.  They  were  erected 
at  the  time  of  the  Conquista,  in  1402. 

William  W.  Bates,  in  the  article  already  referred  to,  relates 
numerous  instances  of  the  great  durability  of  resinous  timber, 
among  which  the  following  may  find  a  place  here :  the  red  and 
white  pines  of  Oregon  are  largely  used  on  the  Pacific  coast  in  the 
construction  of  the  various  parts  of  vessels.  They  are  considered 
so  well  fitted  for  this  purpose,  that  vessels  have  been  constructed 
entirely  from  the  denser  sorts  of  pine  timber,  both  in  Oregon  and 
California.  The  yellow,  or  long  leaved  pine  of  Virginia  and  North 
Carolina  is  extensively  used  by  Atlantic  ship-builders  for  planking, 
ceiling,  stringers,  beams,  water  ways,  rails,  keelsons,  &c.  It  is  very 
durable,  and  when  a  lighter,  yet  solid  wood  is  required,  it  is  pre- 
ferred to  oak  of  whatever  kind.  Th6  white,  or  northern  pine,  ac- 
cording to  Bates,  is  found  at  the  head  otthe  list  of  the  softer  woods 
used  in  building  vessels  of  every  description.  For  the  construction 
of  river  steamboats  it  is  invaluable,  and  is  sometimes  used  in  almost 
every  part  of  the  boat,  except  the  frame,  above  light  water  mark. 
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No  wood  is  said  to  be  better  adapted  to  withstand  the  sun  and 
weather ;  for,  with  proper  seasoning  and  reasonable  protection,  after 
the  work  is  finished,  it  retains  its  properties  as  long  as  the  best 
kind  of  oak.  The  wood  of  the  hackmatack  or  tamarack  (the 
American  larch),  which  is  known  for  its  density  as  well  as  for  its 
gummy  nature,  is  used  for  vessels  in  every  part.  The  sap-wood 
should  of  course  be  excluded  in  this,  as  well  as  in  all  other  instances, 
but  the  heart  wood  requires  no  seasoning  before  use,  the  shrinkage 
in  weight  being  less  than  two  pounds  per  cubic  foot.  For  light- 
ness, strength,  tenacity  and  durability  it  is  unequalled.  The  red  or 
Norway  pine,  when  deprived  of  its  sap-wood,  is  found  to  be  a  first- 
cl^uss  material  for  top  timbers,  beams,  deck  planks,  bulwarks,  and 
ceiling ;  it  affords  excellent  timber  for  masts,  when  large  enough, 
and  for  all  kind  of  small  spars.  The  roots  make  very  good  knees 
and  breast-hooks. 

Another  proof  of  the  unchangeability  of  resinous  matters  is  the 
amber,  which  formerly  was  considered  as  being  of  mineral  origin, 
but  is  now  decided  upon  to  have  secreted  in  a  fluid  state  from  the 
coniferae  of  the  upper  tertiary  and  secondary  strata.  According  to 
a  mytho  of  the  ancients,  the  Heliades,  in  weeping  over  the  death 
of  their  brother  Phaeton,  were  transformed  by  the  gods  into  pop- 
lars, and  their  tears  into  amber.  Indeed,  it  is  a  tear  of  times  past, 
the  remainder  of  a  long  gone  luxuriant  life,  for  this  is  shown  by  its 
constant  occurrence  with  lignite  and  bituminous  wood.  From  the 
fragments  of  vegetable  organisms  enclosed  in  it,  it  has  been  inferred 
that  the  flora  of  the  northern  hemisphere  at  that  time  must  have 
be^n  very  similar  to  that  of  the  northern  part  of  the  United  States. 
GoEPPERT  calls  it  the  "  amber  flora."  Amber  enclosing  wasps,  ants 
and  flies  is  quite  abundant.  Their  frailest  parts,  as  antennae  and 
legs  are  still  well  preserved,  and  spread  naturally,  while  the  insects 
which  are  so  often  noticed  in  the  resinous  exudations  of  our  north- 
ern coniferous  trees  show  always  a  bent  body,  crooked  legs,  and 
curled  wings.  This  seems  to  show  that  the  amber,  unlike  the  rosin, 
must  have  passed  very  slowly  from  the  fluid  into  the  solid  state. 
With  respect  to  its  chemical  nature,  it  closely  resembles  the  ordi- 
nary resins,  but  differs  from  them  in  yielding  a  peculiar  acid,  the 
succinic  acid,  in  being  treated  with  alkaline  solutions.  .Goeppert 
succeeded  in  producing  it  artificially  from  Venetian  turpentine,  in 
digesting  the  same  with  twigs  of  the  larch  for  twelve  months  in 
water  of  from  140  to  175  degrees  Fah. 
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Additional  proofs  of  the  preservative  action  of  resins  may  be 
gathered  in  a  perusal  of  Joseph  Pettigrew's  work  on  the  Egyptian 
mummies,  in  which  it  is  conclusively  proved  that  the  bodies  of  the 
inhabitants  of  the  Nile  valley  must  have  been  impregnated  with 
resinous  and  bituminous  substances. 

THE  HEINEMANK  PROCESS. 

The  foregoing  remarks  on  the  properties  of  resinous  timber  and 
the  preservative  action  of  resinous  substances,  have  been  consid- 
ered necessary  for  the  better  understanding  of  a  process  which  it  is 
proposed  now  to  examine.  The  same  was  invented  by  Mr.  T.  W. 
Hkinemann,  of  New  York,  it  being  the  one  proposed  to  be  adopted 
by  the  Street  Commissioner  of  that  city  in  the  construction  of  the 
piers,  docks,  and  bulkheads  to-be  built  by  her  corporation. 

The  inventor  first  expels  the  sap  from  the  wood,  so  that  the  pores 
are  left  free  and  open  for  the  injection  of  the  preservative  agent, 
which  is  common  rosin,  or  colophony.  The  latter  is  introduced 
while  in  a  liquid  state,  and  under  high  pressure  in  vessels  especially 
constructed  for  the  purpose.  From  the  appended  letters  of  Professor 
R.  Ogden  Dor  emus,  of  the  City  College,  New  York,  it  appears 
that  one  cubic  foot  of  "green"  wood  absorbs  on  the  average  8*96 
pounds  of  rosin  (the  minimum  being  3*39,  the  maximum  15'8), 
while  one  cubic  foot  of  old,  seasoned  timber,  absorbed  but  2*66 
pounds,  or  only  one-third  of  the  amount  of  the  fresh  one.  I  am 
not  inclined  to  ascribe  to  these  analyses  a  great  value,  for  I  am  in- 
formed that  the  wood  treated  was  neither  of  the  same  age,  nor  on 
the  same  site;  but  they  show  at  least  that  the  timber  may  be 
thoroughly  impregnated  by  the  process  in  question.  According  to 
the  data  given,  green  wood  had  absorbed  sixteen  per  cent,  in  weight, 
while  seasoned  wood  had  taken  up  five  per  cent.,  both  numbers  indi- 
cating the  average.  These  data  might  give  rise  to  serious  doubts 
as  to  the  economy  of  the  process,  but  we  are  informed  that  it  is  not 
intended  to  charge  the  wood  in  such  a  degree.  However,  common 
timber,  such  as  hemlock,  spruce  and  cotton  wood,  upon  being  treated 
with  this  process  can  be  substituted  for  the  hard  and  expensive  oak 
and  chestnut.  Again,  assuming,  as  we  may  properly  do,  that  the 
injection  with  rosin  will  really  preserve  timber,  the  process  must 
effect  a  vast  saving  by  obviating  the  necessity  of  frequent  recon* 
Btruction  which  at  present  is  especially  necessary  for  trestle  work, 
railroad  ties,  and  telegraph  poles.     Another  important  advantage 
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of  the  process  consists  in  that,  that  the  strength  or  resistance  of 
strains,  crosswise  and  compressive,  is  considerably  increased.  This 
fact  has  been  ascertained  by  a  series  of  experiments,  some  of  which 
follow  hereafter,  and  of  itself  enhances  the  value  of  the  process. 


TREATED  WOOD. 

Size  \  in.  : 

UNTREATED  WOOD. 

t  ^\  in. 

Breaking 
Pressure 
168}  lbs. 
198      " 
17U    " 

Quality 

Somewhat  checked 
Sound 

Grain 
Straight 

1         (( 

Breaking 
Prepsuro 
98}  lbs. 
108  " 
116  " 

Quality 
Sound 

Grain 

Slant 
Straight 

72}   " 
67}   " 
57}   ** 

Checked 

Size  }  in.  x  ^^  in. 
Straight        57} 
Cross           46 
46 

1 

iC              1 

(1 
« 

Size  }  in. 

X  }  in. 

121      " 
161}   •« 
121      " 

Checked 

4( 

Sound 

Cross 
Slant 

71 
84 
71 

c<          1 

large  &  st 

it 

We  have  no  doubt  that  spruce,  when  treated  by  the  Heinemann 
process,  can  advantageously  be  substituted  for  the  more  expensive 
kinds  of  yellow  and  white  pine,  and  that  the  diflference  in  cost  will 
more  than  pay  the  outlay  for  the  treatment.  It  seems  to  us  to  be 
especially  fitted  for  ties,  piers,  bridges  and  wooden  pavements.  The 
blocks  for  these  latter  would  remain  water-tight,  the  crashing 
strength  would  be  increased,  and  as  to  the  preservative  itself,  we 
think  that  none  more  salubrious  could  be  employed ;  to  say  the 
least,  it  is  to  be  preferred  to  any  ingredient  having  a  strong,  smoky, 
and  disagreeable  smell,  as  employed  in  certain  alleged  wood  pre* 
serving  processes* 

One  objection  has  been  raised  against  the  described  method,  vi2.: 
that  wood  impregnated  with  rosin  would  be  more  inflammable  than 
air-dried  timber  not  treated.  On  this  point,  the  inventor  expresses 
himself  as  follows : — 

**  The  impregnated  tie  is  not  more  liable  to  injury  by  fire  than 
one  unimpregnated  and  properly  seasoned.  The  first  impression 
naturally  is  the  reverse  of  this.  Singular  as  this  may  appear,  it  is 
no  less  true.  The  inventor  himself  was  not  aware  of  this,  until  by 
accident  he  discovered  it,  and  by  repeated  experiments  demonstrated 
it.  The  rationale  seems  to  be,  that  the  rosin,  which  burns  first  alone, 
deposits,  while  burning,  an  air-tight  coating  of  some  uninflammable 
slag  upon  the  surface  of  the  tie,  thereby  preventing  the  fire  from 
penetrating  deeper.     Combined  with  this,  however,  it  is  proposed 
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to  ttse  an  inexpensive  application  which  will  make  it  almost  fire- 
proof." 

I  will  add  that  as  yet  no  strictly  aninflammable  wood  has  come 
under  my  observation.  So  much  as  to  the  rosin  process.  Use  alone 
can  show  whether  the  long  searched  for  problem  of  the  preserva- 
tion of  timber  has  been  solved  by  it  or  not.  Says  our  present 
Commissioner  of  Patents,  the  Hon.  S.  S.  Fisher,  in  a  decision 
lately  given  in  a  patent  case :  "  If  the  means  are  inferior  to  the 
old  way  of  doing  the  same  thing,  or  inferior  to  other  new 
ways,  the  invention  sinks  into  obscurity  and  is  soon  forgotten. 
The  best  test  of  utility  is  use,  and  in  the  busy  competition  of  trade 
this  is  soon  applied,  and  the  judgment  of  the  inventor  is  affirmed 
or  reversed  by  an  inexorable  tribunal." 

Letters,  Analyses,  &c.,  op  Professor  Doremus, 

The  College  op  the  City  op  New  York, 
June  19  th,  1868. 
Mr.  Theo.  Wm.  Hbinemann: 

Dear  Sir, — ^I  have  nearly  completed  the  investigation  of  your 
process  for  preserving  wood  by  impregnation  with  rosin. 

I  am  happy  in  reporting  progress,  to  state  that  of  the  eight 
samples  of  wood  which  you  brought  for  examination,  viz. :  pine, 
chestnut,  white  oak,  elm,  birch,  maple,  black  ash  and  spruce,  are 
all  thoroughly  saturated  with  rosin. 

Six  of  these  have  been  subjected  to  chemical  analysis,  portions 
being  taken  from  the  centre  and  from  the  circumference,  with  the 
following  results  — 

One  cable  foot  of  fresb  Pine  wood  contains 8-89  lbs  of  rosin. 

*«  "  «*      Chestnut  **      10-  ** 

'*  •*  dried        »«  **      18-6  *« 

*'  "  "      Black  Ash       "      4-9         " 

"  "  •*      Maple  «« 2-998        *« 

"  "  fresh  White  Oak     "      • 15-8  ** 

The  other  samples  are  now  being  tested. 

There  is  no  question,  therefore,  but  that  you  can  completely  im- 
pregnate the  above-mentioned  woods,  and  from  these  experiments, 
I  conclude  that  you  will  be  able  to  accomplish  the  same  result  with 
any  variety  of  wood,  by  your  ingenious  process. 

The  advantages  attained  by  your  experiments  are : — 

That  the  wood  will  be  permanently  preserved  from  decay. 
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That  owing  to  filling  the  pores  completely  with  rosinj  which  is 
insoluble  in  water,  foreign  matters  cannot  gain  entrance. 

That  though  the  pieces  of  wood  are  soft  and  easily  worked 
shortly  after  saturation,  in  a  few  days  they  become  exceedingly 
hard. 

I  have  never  before  seen  any  process  which  would  accomplish 
such  a  marvellous  change. 

Moreover,  the  apparatus  required  is  not  expensive.  The  process 
is  simple.  The  rosin  costs  only  about  a  cent  a  pound  (that  is  such 
variety  as  you  require),  and  but  little  fuel  is  necessary  to  fuse  the 
rosin,  and  to  generate  the  pressure  necessary  for  impregnation. 

I  have  the  honor  to  remain.  Yours,  respectfully, 

E.  Ogden  Doremus,  M.  D., 

Prof.  ChemlBtry  and  Tuxicol.  Bellevoe  lluap.  Med.  Coll<>ge| 
and  Pnifeoaor  Chemiatry  and  Pfayslct,  College  of  City  of  Nw  Torfc. 

The  College  of  the  City  of  New  Yobk 

July  nth,  1868. 
Mr.  TflEO.  W.  Heinkmanx: 

Dear  Sir, — I  have  examined  samples  of  dififercnt  kinds  of  wood, 
impregnated  with  rosin  under  pressure,  by  your  simple  and  inge- 
nious process,  with  the  following  results:  By  chemical  analysis  of 
portions  taken  from  the  centre,  and  from  the  circumference  of  each 
block,  it  was  found  on  an  average  that  a  cubic  foot  of  freshly  cut 

Pine  wood  had  absorbed 8*39  lbs  of  rosin. 

Chestnut  wood        "        10-       «•  " 

•»  "    artificially  dried,  bad  absorbed....  13-5    "  " 

Black  Ash  had  absorbed 4-9    **  " 

V^hiteOak  **       16-8    "  " 

Poplar,  or  White  wood  had  absorbed 6-2    "  " 

While  a  cubic  foot  of  old  ^^  seasoned  ^^ 

Maple  wood  had  absorbed 2  99  *'  *• 

Spruce  wood  (10  years  seasoned),  had  absorbed..  1*75  **  " 

Birch  wood  had  absorbed 3-24  "  " 

In  all  the  above  mentioned  cases,  the  sections  were  thoroughly 
impregnated  with  rosin,  and  they  are  suflBicient  in  number  and 
variety  to  demonstrate  that  any  kind  of  wood,  whether  "  green"  or 
"  seasoned,"  may  be  completely  saturated  with  this  substance  by 
employing  your  process. 

The  advantages  attained  are  that  the  wood  will  be  peJ-manently 
preserved  from  decay,  for  the  following  reasons : — 


Digitized  by  VjOOQ IC 


Processes  for  Preserving  Timber,  853 

The  pores  of  the  wood  being  filled  with  rosin,  will  prevent  the 
entrance  of  water  and  matters  soluble  in  it,  which  ordinarily  facili- 
tate the  decomposition  of  organic  substances. 

The  woody  fibres  being  entirely  coated  with  this  protecting 
agent,  will  not  be  exposed  to  the  oxidizing  influences  of  atmos- 
pheric air. 

The  nitrogenous  principles  which  so  readily  ferment,  having 
been  subjected  to  a  high  temperature  during  the  treatment  of  the 
wood,  and  being  resinously  enveloped,  cannot  undergo  "  eremacausis 
or  decay. ^^* 

Resinous  bodies  were  the  most  prominent  ingredients  employed 
by  the  ancient  Egyptians  for  preserving  vegetable,  and  the  much 
more  putrescible  animal  tissues.  You  may  therefore  justly  claim 
not  only  that  in  accordance  with  chemical  principles  by  your  pro- 
cess, wood  will  be  shielded  from  change,  but  also  that  mummified 
cereal  grains,  as  well  as  animal  and  human  mummies,  are  practical 
demonstrations  of  a  similar  protection  from  destroying  agencies, 
for  periods  extending  over  2,000  and  even  8,000  years. 

An  additional  and  frequent  cause  of  serious  injury  to  woody 
tissues,  is  the  destruction  produced  by  worms,  against  which  this 
rosin  process  is  a  protection. 

Again,  a  great  advantage  is  that  although  the  pieces  of  wood  are 
soft  and  easily  worked  by  ordinary  carpenters'  tools  shortly  after 
saturation,  yet  in  a  few  days  they  become  indurated  and  exceed- 
ingly hard,  which  not  only  renders  the  resinized  fibres  more  durable, 
but  makes  them  available  for  many  other  purposes  beyond  those 
of  the  same  tissues  unimpregnated. 

The  simplicity  of  the  apparatus  you  employ,  as  well  as  the  inex- 
pensive material  used,  and  the  slight  cost  of  impregnation,  in  com- 
parison with  the  great  advantages  resulting  therefrom,  are  such  as 
all  capitalists  will  appreciate. 

The  variety  of  rosin  you  require  costs  at  present  less  than  a  cent 
per  pound,  and  but  little  fuel  is  necessary  for  liquifying  it,  and  for 
generating  the  pressure  necessary  for  thoroughly  introducing  it 
through  all  the  pores  of  the  wood. 

The  importance  of  preserving  wood  from  destroying  agencies,  is 
too  well  known  to  require  lengthened  demonstration. 

*  As  to  the  true  causes  of  the  decay  of  wood,  I  would  refer  the  reader  to  the 
article  *'  Timber  Rot^^^  in  the  *'  Engineering  and  Mining  Journal,**  of  July  27th ^ 
1869.—^.  Oit 
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Dry  rot  and  other  influences,  so  frequently  and  at  times  rapidly 
destructive  to  wooden  ships,  to  the  beams  of  many  of  our  edifices, 
to  our  bridges,  railroad  ties,  etc.,  etc.,  which  cause  annual  losses  of 
millions  of  dollars,  and  thousands  of  human  lives,  are  powerful  and 
fearful  proofs  of  the  urgent  necessity  of  such  potent  protecting 
processes  as  your  valuable  invention. 

Trusting  that  you  soon  may  be  able  to  apply  it  on  an  extensive 
scale,  I  have  the  honor  to  remain,        Yours  respectfully, 

E.  Ogden  Doeemus,  M.  D., 

Prof.  Chemistry  and  Physics,  College  City  of  New  York.  Toxicology,  BeUevne  Hoop.  Md.CoUefe. 

Septemher  10th,  1868. 
Mr.  T.  W.  Heinemann; 

Dear  Sir, — In  addition  to  the  statement  concerning  experiments 
made  with  your  Eosin  Saturated  Wood,  I  should  mention  that  one 
piece  of  White  Wood,  impregnated  by  your  process,  and  weighing 
97'0  grammes,  was  immersed  in  water  for  forty-two  days,  after 
which  it  weighed  98*5  grammes,  being  a  gain  of  one  gramme. 

By  allowing  the  water  to  drain  from  a  few  crevices,  in  the  course 
of  half  an  hour  it  returned  to  its  original  weight. 

A  piece  of  the  same  variety  of  White  Wood,  but  unsaturated 
with  rosin,  and  weighing  43*5  grammes,  was  immersed  in  water  for 
forty-eight  hours,  when  it  had  increased  in  weight  to  91  grammes, 
being  more  than  double  its  original  weight. 

These  experiments  satisfactorily  demonstrate  that  porous  woods, 
capable  of  becoming  thoroughly  water-soaked,  when  impregnated 
with  rosin,  after  your  simple  and  effective  process,  can  be  rendered 
impervious  to  water. 

I  have  the  honor  to  remain.  Your  obedient  servant, 
E.  Ogden  Dobemus,  M.  D., 

Prof.  Chom.  and  Toxicol.  BelleTuc  Med.  College.    Prof.  Chem.  and  Physics,  College  of  the  City  of  N.  T. 


SOUR  ECLIPSE  OF  AUGUST  7, 1869. 

(Continued  from  page  288.) 
Rafobt  of  Mb.  J.  C.  Browne. 

Prof.  Henry  Morion,  Ph.  D. 

Sir, — Having  been  requested  by  you  to  arrange  and  make  up  the 
chemicals  necessary  for  the  use  of  two  of  the  parties  organized  in 
Philadelphia  for  the  purpose  of  photographing  the  total  eclipse  of 
August  7th,  1869,  I  made  up  the  following  preparations,  according 
to  the  formulae  given  below. 
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Following  the  advice  given  by  Mr.  Warren  De  la  Eue,  in  his 
report  on  the  eclipse  of  1860, 1  used  fused  nitrate  of  silver  in  making 
up  the  nitrate  bath,  in  the  proportion  of  45  grains  of  silver  to  the 
ounce  of  distilled  water,  acidulated  with  6  drops  of  nitric  acid  CP, 
One  gallon  and  a  half  of  filtered  silver  solution  was  allowed  to  each 
party,  carefully  packed  in  two-gallon  demijohns  in  separate  boxes. 
One  gallon  of  distilled  water  being  included  in  each  box,  also,  extra 
silver,  in  case  of  accident.  Five  glass  dipping  baths,  holding  20  oz. 
of  solution  each,  were  thought  to  be  sufficient, — each  bath  enclosed 
in  a  wooden  box,  with  a  cover  to  e^clud^  light  and  dust,  and  hard 
rubber  dippers  coated  with  paraffine. 

Various  samples  of  collodion  were  made  up,  but  none  gave  such 
excellent  results  as  the  following  mixture: 

Alcohol .' 1  Pint. 

Ether 1  Pint. 

Cotton , , 4  grs. 

Excited  with 

Iodide  of  Am 5  grs. 

Bromide  of  Mag *. 2J  grs. 

Developing  solution  was  made  in  the  proportions  of  80  grs.  of 
Proto  Sul.  of  Iron  to  the  ounce  of  water.  No  acid  was  added  unless 
desired  for  immediate  use.  The  solution  was  then  reduced  to  the 
strength  of  20  grs.  of  Iron  to  the  ounce  of  water,  and  the  addition 
of  2  drams  acetic  acid,  No.  8,  to  each  ounce. 

Cyanide  of  Potassium  was  used  for  fixing,  and  a  liberal  allowance 
of  chemicals  was  included  with  each  out-fit,  also.  Collodion  vials, 
funnels,  filter-paper,  brushes,  &c. 

All  the  articles  were  packed  in  boxes  with  the  name  of  the 
respective  telescopes  marked  upon  the  outside. 

I  was  stationed  at  Ottumwa,  with  the  section  of  Prof.  Himes,  and 
took  charge  of  the  coating  of  the  plates,  while  Mr.  Baker  developed 
them.     Our  chemicals  all  worked  in  the  most  satisfactory  manner. 

No  re-development  was  necessary.  In  most  of  the  exposures  the 
picture  came  up  almost  too  rapidly,  rendering  it  necessary  to  have 
cold  water  close  at  hand  to  check  further  action.  To  gain  time 
during  the  development  of  so  many  negatives,  after  the  image  was 
all  out  upon  the  plate  it  was  washed  slightly  and  placed  in  a 
bucket  of  water  containing  a  few  pinches  of  chloride  of  sodium. 
During  the  Eclipse,  after  totality,  as  many  as  8  or  10  plates  were 
placed  in  the  bucket  at  one  time,  collodion  side  towards  the  inside, 
afterwards  the  plates  were  washed  and  fixed. 

A  lot  of  dilute  glycerine  had  been  prepared,  but  the  above  plan 
seemed  to  answer  very  well.  All  the  plates  were  numbered  with  a 
diamond  and  dipped  with  the  number  always  in  the  same  position. 
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SOUR  ECLIPSE  OF  AUGUST  7, 1869. 

Report  of  Mr.  O.  H.  Willa-rd. 

Prof.  Henry  Morton,  Ph.  D. 

Sir, — Having  been  requested  by  you  to  take  charge  of  tlie  pho- 
tographic preparation  and  work  for  the  High  School  telescope, 
placed  in  charge  of  Prof.  A.  M.  Mayer,  at  Burlington,  Iowa,  I 
made  the  following  arrangements: 

The  plates  and  plate-holders  being  4J  inches  square,  I  first  ad- 
justed the  camera  so  as  to  secure  an  image  of  the  sun  2*4  inches  in 
diameter,  and  then,  by  repeated  trial,  found  the  best  actinic  focus; 
adjustment  being  made  by  moving  the  entire  eye-piece  and  camera 
toward  and  from  the  objective,  by  means  of  the  regular  rack  and 
pinion  belonging  to  the  telescope.  Bringing  the  eye-piece  nearer 
to  the  objective  shortened  the  focus  of  the  combination,  and  was 
thus  equivalent  to  a  withdrawal  of  the  sensitive  plate.  The  distance 
between  the  best  visual  and  actinic  foci  was  about  ^^  of  an  inch. 

I  had  the  requisite  chemicals  prepared  according  to  the  following 
formulae. 

BATH. 

Fused  Nitrate  of  Silver 45  grs. 

Distilled  water ,.1  oz. 

Nitric  Acid 6  drops  to  the  gallon. 

Iodized  by  immersing  an  8  by  10  plate  flowed  with  the  following 
collodion : 

COLLODION. 

Ether I  oz. 

Alcohol 1  oz. 

Cotton  (Pyroxyline) 10  grs. 

Iodide  of  Ammonium 10  grs. 

Bromide  of  Potassium 4  grs. 

DEVELOPER. 

Protosulphate  of  Iron 6  grs. 

Water J  gall. 

Acetic  Acid  No.  8 4  oz. 

FIXING  SOLUTION. 

Hyposulphite  of  Soda 4  oz. 

Water 1  quart. 

The  exposures  during  the  partial  phases  were  made  by  the  ar- 
rangement described  in  your  report,  and  the  smallest  slide  (t.  e. 
that  having  an  opening  of  -^^  of  an  inch)  was  used  until  the  last 
two  pictures,  which  were  exposed  with  -^j^  inch  opening.  Only  one 
spring  was  used  throughout. 

Six  exposures  were  made  during  totality,  the  first  two  of  5  seconds 
each,  the  last  four  of  8  seconds  each.  The  plates  were  prepared  by 
Mr.  Phillips  and  developed  by  Mr.  Mahoney  with  the  assistance  of 
Mr.  Leisenring,  of  Galesburgh. 
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Proceedings  of  the  Stated  Kontlily  Keeting,  September  15th,  1869. 

The  meeting  was  called  to  order  with  the  President,  Mr.  J.  V. 
Merrick,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  Minutes  of  the  Board  of  Managers, 
and  reported  the  donations  received  since  the  last  meeting  of  the 
Institute : — From  the  Eoyal  Astronomical  Society,  the  Society  of 
Arts,  the  Chemical  Society,  the  Zoological  Society,  the  Institute  of 
Actuaries,  the  Statistical  Society,  the  Institution  of  Civil  Engineers, 
and  C.  P.  Sandberg,  Esq.,  London ;  the  Literary  and  Philosophical 
Society,  Liverpool,  and  the  Association  for  the  Prevention  of  Steam 
Boiler  Explosions,  Manchester,  England;  1' Academic  des  Sciences 
and  la  Soci^t^  d'Encouragement  pour  Tlndustrie  Nationelle,  Paris, 
et  la  Socidt^  Industrielle,  Mulhouse,  France;  der  Osterreischen 
Inginieur-veriens,  Vienna,  and  T.  C.  Winkler,  Harlaam,  Germany ; 
the  Canadian  Journal,  Toronto,  and  Major  L.  A.  Huguet-Latour, 
Montreal,  Canada ;  the  Institute  of  Natural  Sciences,  Halifax,  Nova 
Scotia ;  John  A.  Parker,  Esq.,  Andrew  H.  Grreen,  Esq.,  City  of 
New  York,  the  Peabody  Institute,  Baltimore,  Md. ;  Frederick  Em- 
merick,  Esq.,  the  Surgeon  GeneraPs  Office,  Washington,  D.  C;  the 
American  Philosophical  Society,  Dr.  W.  S.  W.  Suschenberger,  R. 
A.  Parrish,  Jr.,  Esq.,  and  Prof.  John  C.  Cresson,  Philadelphia. 

The  various  Standing  Committees  reported  their  minutes. 

The  Resident  Secretary  read  his  report  on  Novelties  in  Science 
and  the  Mechanic  Arts,  after  which  the  meeting,  on  motion,  ad- 
journed. 

Henry  Moeton,  Secretary. 

On  account  of  its  special  interest  at  the  present  time  we  here 
publish  the  paper  read  at  the  succeeding  meeting,  whose  minutes 
will  in  regular  course  appear  next  month  after  they  have  been  duly 
read  and  approved. — Ed. 

THE  EJECTOR  CONDENSER  FOR  STEAM  ENGINES. 

(Paper  read  before  the  Franklin  Institute  at  its  Regular  Meeting,  Oct.  20, 1869.) 
By  James  R.  Napier,  F.  R.  S.,  &c. 

It  is  well  known  that  the  ordinary  jet  condenser  requires  a  pump 
to  remove  the  air,  and  the  water  used  in  condensation.  Mr.  Alex. 
Morton,  of  Glasgow,  while  experimenting  on  a  Giffard's  Injector, 
discovered  that  the  pump  could  be  dispensed  with,  that  the  exhaust 
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steam  itself  could  do  that  work,  that  the  steam  after  forcing  its  pis- 
ton to  the  end  of  the  cylinder  had  sufficient  energy  left  to  take  itself, 
and  any  air  with  which  it  might  be  combined,  out  of  the  cylinder 
and  produce  a  vacuum  equal  to  that  by  the  best  condenser  and  air- 
pump  of  the  ordinary  construction. 

The  apparatus  which  he  invented  to  enable  the  steam  to  do  this 
work,  and  which  he  calls  an  Ejector  Condenser,  is  shown  in  the 
plates.  It  is  very  similar  in  arrangement  and  mode  of  action  to  a 
Giffard's  Injector.  The  cold  water  wanted  for  condensing  the  steam, 
if  below  the  apparatus,  is  raised  by  a  jet  of  steam  (a)  in  the  same 
manner  as  in  Giflfard's  or  Sellers'  Injectors.  When  the  vacuum  is 
formed  in  the  cylinders  of  the  engine  this  steam  jet  is  stopped  by 
means  of  the  double  piston  valve  arrangement  (6),  and  it  may  be 
prevented  from  stopping  or  be  partially  stopped  by  the  screw  nut 
(o)  on  the  rod  of  the  double  piston. 

The  exhaust  steam  from  one  cylinder  enters  the  apparatus  at  (c), 
and  from  the  other  cylinder,  if  there  are  two,  at  (rf).  The  conden- 
sation takes  place  at  the  nozzles  (e)  and  (/),  respectively.  The 
condensed  steam,  water  and  air  are  discharged  by  the  trumpet- 
shaped  tube  {g)  into  the  chamber  or  hot  well  (A),  surrounding  that 
tube.  From  the  hot  well  the  feed  water  for  the  boiler  is  drawn  by 
any  of  the  ordinary  appliances.  The  rest  of  the  products  of  con- 
densation is  discharged  at  (e).  A  valve  (m)  at  the  wide  end  of  the 
discharge  pipe  prevents  the  water  in  the  hot  well  from  being  drawn 
into  the  cylinders  when  the  engine  stops. 

Experiments  have  been  made  by  Professor  Eankine,  of  the  Uni- 
versity of  Glasgow,  one  of  the  ablest  men  for  such  a  purpose,  with 
an  Ejector  Condenser,  on  a  small  double  cylinder  engine,  of  about 
18  inch  stroke,  and  lOJ-inch  diameter,  made  for  showing  its  powers. 
The  results  he  communicated,  in  November,  1868,  to  the  Institution 
of  Engineers  in  Scotland,  and  very  recently,  September,  1869,  he 
experimented  on  an  ejector  applied  to  a  larger  engine  pumping  water 
from  a  coal  mine  at  Dairy,  near  Glasgow. 

[A  copy  of  this  report,  the  speaker  intended  to  have  presented 
to  the  meeting,  but  he  had  not  received  it  when  expected.] 

These  Ejectors  can  easily  be  worked  into  the  design  of  any  new 
engines  intended  for  condensation,  and  also  with  little  trouble,  added 
to  many  existing  non-condensing  engines  where  it  would  be  im- 
practicable or  too  costly  now  to  apply  the  ordinary  jet  condenser 
and  air-pump.  The  saving  of  fuel,  increase  of  power,  decrease  of 
pressure  on  boiler,  or  increase  of  speed  of  steam  vessels,  will,  no 
doubt,  in  such  cases,  be  the  same  for  the  same  pressure  in  the  con- 
denser by  whatever  system  the  condensation  is  procured.  Prof. 
Eankine  has  shown,  however,  that  in  the  engine  he  experimented 
upon,  in  November,  1868,  all  the  power  required  to  work  the  air- 
pump  was  saved. 

And  although  the  speaker  was  not  aware  of  the  reasons  which 
have  induced  American  engineers  to  use  so  commonly  non-conden- 
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sing  engines  for  many  of  their  river  boats,  he  thought  that  the 
Ejector  Condenser  removed  the  objections  of  complication,  weight, 
space  and  deterioration  from  muddy  water,  commonly  urged  in 
Britain  against  condensing  engines,  and  if  the  first  cost  was  the 
chief  objection  to  condensing  engines,  Morton's  Ejector  would  evi- 
dently cost  the  manufacturer  much  less  than  the  common  jet  con- 
denser and  air-pump.  But  at  what  rates  they  would  be  sold  here 
depended  on  how  the  American  patent  was  to  be  worked. 

The  selling  price  in  Glasgow,  however,  of  one  of  these  Ejectors 
for  a  10  or  a  12-inch  cylinder,  and  having  probably  a  f -inch  water 
jet,  was  about  £30  or  about  $190  currency. 

The  theory  of  the  working  of  Giffard's  Injector,  as  manufactured 
by  Messrs.  Wm.  Sellers  &  Co.,  of  Philadelphia,  has  been  so  simply 
explained  by  Prof.  Henrv  Morton,  in  the  Journal  of  the  Franklin 
Institute^  that  the  speaker  had  no  doubt  the  same  gentleman  would  be 
able  to  satisfy  the  members  of  the  soundness  of  the  principles  on 
which  Morton's  Ejector  Condenser  is  based. 

It  worked  well  in  Great  Britain  on  fast  and  on  slow  going  engines, 
on  engines  with  one  and  on  engines  with  two  cylinders.  The  indi- 
cator cards,  Plate  showing  the  vacuum  obtained  during  Prof.  Ean- 
kine's  experiments  speak  for  themselves. 

Messrs.  Dennistoun  &  Co.,  of  New  York,  who  have  the  disposal 
of  the  American  patent  have  authorized  the  erection  of  one  of  these 
condensers  in  that  city,  and  it  is  expected  to  be  at  work  in  a  few 
weeks. 

Observations  were  made  by  various  gentlemen  as  follows : 

Mr.  Eobert  Briggs  said  that  the  invention  was  undoubtedly  an 
important  step  in  the  improvement  of  the  parts  of  the  steam  engine, 
rivaling  in  its  value  the  apparatus  it  was  based  upon,  the  Injector 
of  GiflFard.  It  should  be  considered  as  a  further  development  of  the 
discovery  of  Mr.  Giffard.  About  nine  years  since  he  had  the  plea- 
sure of  assisting  in  some  experiments,  instituted  by  Mr.  William 
Sellers,  for  the  purpose  of  determining  the  quantities  of  water  which 
would  be  delivered  by  Giffard  Injectors  of  different  sizes,  under 
different  pressures  and  with  varying  temperatures  and  lifts  of  sup- 
ply water.  Very  numerous  experiments  with  many  sizes  of  Injec- 
tors were  made  at  that  time,  and  when  the  conditions  of  temperature 
and  lift  of  supply  water  were  constant,  in  place  of  giving  a  variation 
of  delivery  proportional  to  the  square  root  of  the  absolute  pressure 
of  steam,  or  of  that  of  the  pressure  of  the  steam  above  the  atmos- 
phere, it  had  been  found  that  the  delivery  varied  with  the  square 
root  of  the  pressure  of  the  atmosphere  plus  8  pounds,  (v  oc  i/p  -f  8). 
This  he  considered  as  indicating  a  partial  vacuum  of  6*7  pounds 
tension  in  the  condensing  nozzle,  and  appeared  to  demonstrate  the 
possibility  that  with  some  form  of  instrument  proportioned  espe- 
cially for  this  end,  both  that  a  more  complete  vacuum  would  be 
attainable  and  that  a  pressure  of  steam  below  the  atmosphere  might 
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be  made  to  feed  a  boiler  at  working  pressure.  In  other  words,  the 
boiler  could  possibly  be  fed  by  the  use  of  the  exhaust  steam  of  an 
engine  which  it  supplied  in  an  Injector.  And  this  function  of  a 
partial  vacuum  demonstrated  positively  that  within  the  instrument 
the  steam  acted  independently  to  the  atmospheric  pressure,  so  that 
this  new  application  is  consistent  with  the  results  attained  by  those 
experiments. 

Mr.  Wm.  Sellers  remarked  that  he  had  no  doubt  if  the  nozzles 
of  the  Ejector  were  properly  formed,  it  would  lift  water  from  any 
depth  within  the  limits  of  an  ordinary  suction,  or,  in  other  words, 
atmospheric  pressure.  His  own  arrangement  of  the  Giffard  Injec- 
tor, by  proportioning  the  inflow  of  steam  to  the  capacity  of  the 
discharging  tubfes,  accomplished  this  result. 

With  regard  to  slow  working  engines,  he  thought  there  would 
be  no  difficulty  in  keeping  up  the  water  jet  during  the  cessation  of 
the  steam  discharge,  providing  the  water  supply  or  delivery  pipe 
or  both  were  of  sufficient  length.  In  his  opinion  it  would  be  found 
especially  important  in  this  class  of  engines  that  the  delivery  pipe 
should  be  long,  as  in  that  case  we  should  have  a  large  mass  of 
water  in  motion  which  would  not  be  checked  by  a  temporary  sus- 
pension of  the  impelling  force,  thus  maintaining  the  vacuum  and 
retaining  the  water  supply  in  position  to  condense  the  successive 
discharges  from  the  exhaust  without  having  any  recourse  to  the 
live  steam  and  regulating  valve. 

Mr.  Thomas  Shaw  described  a  plan  for  ejecting  steam,  air  and 
water,  having  some  relation  to  the  ejector  patented  by  himself. 

In  reply  to  various  questions  by  Messrs.  Sellers,  Briggs,  Shaw, 
Prof.  Eogers  and  others,  Mr,  Napier  stated  that  the  greatest  length 
of  stroke  to  which  he  had  seen  the  Ejector  applied  was  the  Dairy 
Engine,  reported  upon  by  Prof.  Eankine,  in  September,  1869 ;  it 
had  a  4  J  feet  stroke,  making  20  to  24  revolutions  per  minute,  and  a 
vacuum  in  the  exhaust  pipe  of  about  23  J  inches  of  mercury.. 

He  had  seen  the  first  of  Morton's  Ejector  Condenser  at  the  Lugar 
Iron  Works  in  Ayrshire,  it  had  then  been  at  work  about  18  months, 
and  was  producing  a  vacuum  of  from  8  to  10  pounds.  He  had  not 
seen  the  Ejector  on  any  slow-working  engines,  but  Mr.  Morton 
had  stated  that  one  was  at  work  on  an  engine  making  six  revo- 
lutions per  minute. 

That  an  Ejector  was  now  being  made  for  a  pumping  engine  hav- 
ing a  48-inch  cylinder  and  9  feet  stroke,  making  10  strokes  per 
minute.  In  this  case  no  steam  jet  is  intended  to  be  used,  as  the 
cold  water  comes  from  a  height  of  about  10  feet  to  the  Ejector.  It 
had  not  yet  been  applied  to  sea-going  steamers  as  a  substitute  for 
surface  condensers,  although  it  might  probably  be  made  applicable 
by  cooling  the  water  of  condensation. 

Mr.  Morton  found  that  the  Ejector  on  single  cylinder  engines 
worked  best  with  from  10  to  20  feet  of  suction  pipe,  the  contained 
mass  of  water  keeping  a  steadier  vacuum. 
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Fig.  1  is  for  Engines  with  one  C^iir.der. 


Fig.  2  is  for  Engines  witli  two  Cylinders. 


This  Ejector  Condenser  is  applicable  to  all  steam  engines  where  sufficient  water 
for  condensation  can  bo  obtained.  It  dispenses  with  the  air-pump,  saves  all  the 
power  required  for  working  that  pump,  occupies  much  less  space  than  the  ordinary 
jet  condenser  and  air-pump,  and  has  no  parts  constantly  in  motion,  thus  obviating 
the  necessity  of  skilled  attention  and  frequent  repairs:  it  can  be  placed  on  any 
part  of  the  exhaust  steam  pipe. 

It  can  be  applied  to  many  of  the  existing  non-condensing  steamboat  engines ;  it 
will,  with  their  present  consumption  of  fuel,  give  about  a  tenth  more  speed,  or,  at 
the  same  rate  of  speed,  it  will  save  from  20  to  30  por  cent  of  their  fuel  with  consid- 
erably less  boiler  pressure. 

For  a  description  of  the  apparatus,  with  report  on  its  efficiency,  see  the  Journal 
of  the  Franklin  Institute,  of  Philadelphia,  for  November,  1869. 

Reference  is  also  requested  to  the  accompanying  testimonials,  as  to  the  merits  of 
the  apparatus. 

The  Patentees  have  placed  the  sale  of  the  American  patent  in  the  hands  of  the 
undersigned,  to  whom  application  is  to  be  made. 

DEN^ISTOUN  &  CO., 
JVo.  22  Exchange  Flcice,  New  Yovk. 
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SOLB   JCAVUTACTVXXBa    XV   PbIULDXLPHIA  AXD  TldVITT, 
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^  BKOINB,  th«  bert  yet  inlrodooed. 

JMIer#— Cylinder,  flue  and  tabular. 
Sieafn^Xmfnmers,  of  Naimyth  or  Davy  etyles,  with  the  moit  reoent  improre- 

menta,  and  of  all  tiset. 
JS»rahan^s  Drill  Grinding  Beet,  and  Twist  Drill-Holder. 
Ct$MnifB^JA>umj  dry  and  green  sand,  hrass,  Sdq. 

AM/i— Iron  frames  for  oovering  with  slate  or  iron— neat,  durable  and  eoonomicaL 
€tU^MlMer8  of  every  ^description.    Builders  of  Holders  for  the  FhUadelphim 

Oae  Worke^  of  100  and  V^feei  diameter, 
Temk9  of  every  tfum,  for  sugar  esUtes,  refineries,  oil,  fte. 
€Sfa#   Machinery  of  erery  description,  indnding  Betorts,    Bench-castings, 

Holders   and   Frames,  Purifiers,  Coke  i(nd  Charcoal 

Barrows,  Gas-Valves,  Governors,  Hoisting  Machines, 

Manufacturers  for  the  American  Meter  Company  of  their 

Patent  Dry  Centre  Valve  for  changing  purifiers. 
BarteFe  PatetU  Wrought  Iron  Betort-lid—durable,  light  and 
cheap. 
8Uff9r  Maehineryp  such  as  Vacuum  Pans  and  Pumps,  Defecators,  Bone-BIadc 
and  Bag  Filters,  Bone*Black  Burners,  Washers  and 
Elevators,  Hydraulic  Elevators,  Sugar  and  Bone-Black 
Cars,  Strike  Heaters,  Open  Steam  Trains,  &c 
Olmee  f  BarioVe  improvement  on  Aspinwall  A  Woolsey'i 

Centrifiigal  Sugar-Draining  Machines. 
if.  Rittieem^e  Patent  Sugar-Boiling  Apparatus,  applicable 

to  Beet-Boot  and  Cane  Sugar. 
Sole  manuiaetDren  In  tha  United  States  of   Weettme 
Patent  Self-centering,  Self-balancing  CentriAigal  Sugar 
Draining  Machine. 


Having  had  twenty  years  experience  in  the  mannfactore  of  Sugar  Machineiy 
for  Cuba,  Sonlh  America  and  the  United  States,  they  are  prepared  to  contract  for 
the  design  and  erection  of  apparatus  for  snaking  Sugar  from  Beet-Boot  or  Can* 
and  for  refineries  for  either  Sugar  or  Molasses. 

"  They  aie  also  in  possession  of  plans  of  the  most  reoent  improvements  in 
waohinery  need  in  France  and  Germany  in  the  manufootare  of  Beet-Boot  SqgaB.^ 


I 
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Ijovq  Span  Railway  Bridgbs,  Ieok  Boofs,  Fir»  Proof  BinLDiHoa,  and 
other  important  Engineering  or  Architectural  Works  designed,  and  their  erection 
superintended. 

Office:  426  Walnut  Street,  Philadelphia. 


THB  SSTSTOSia  BBIBfia  QOVOfAXTp 

Office  and  Works,  gth  Ward,  Pittsburg. 

J.  H.  LINVILLE,  Pres.  426  Walnut  St.,  Phlla, 


Contractors  and  Builders  of  Iron  and  Wooden  Bridges,  Pfyot  Bridges,  Iron 
Roof  Trusses,  Turn-Tables,  Ac  Have  the  sole  use  of  the  original  **  linTille  & 
Piper"  Patent  «<  Weldless  Cord  Links,'*  ••  Wrought  Iron  Qxlindrioal  Posts,"  and 
**  Oompression  Beams  "  now  spedfled  for  all  important  bridges. 

Miller  &  Allen, 

MACHINISTS  AND  eOlLER  MAKERS, 

OHKSTKII,  KMIA.. 

MANUFACTURERS  OF 

CORLISS'  STEAM  ENGINES 

AIM, 

Marine,  River  and  Stationary  Steam  Engines, 

Boi&asSy  SB^msfi,  asxu  sBABinfl* 

AND  MACHINERY  GENERALLY. 

uwniaun.  AL(»noAun. 
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HARRISON  STEAM  BOILER. 


U5iO!«  FuoAK  RBnirnr, 
CbarlMtowu,  Mms^  January  il,  1869. 
Mr  JooPH  HAUUtoH^  Jr. 

Sir :— In  my  laat  oommmifcstloD  to  yoa  In  regard  to  yonr  a(x  flfty<liorM  poww  ataam  boUera,  I  pro- 
miaad  to  Kive  yon,  at  a  future  time,  the  exact  amount  of  MTlng  in  ftaeL 

I  am  pleaaed  to  be  able  to  do  ao  now,  as  I  kept  a  Tenr  cloae  and  aocnrate  acooant  of  the  fViet  need  from 
Deoemberf  1807,  to  Deoambar,  1868^  to  eompara  your  boilen  with  the  old  ooej,  which  we  took  oot  in  Sep- 
— "^ir,  1867. 


The  amount  ofrawmgarwareftiiad  during  tha*  time  was  larger  than  erer  before.  The  steam  preaavire 
waa  always  kept  orer  fifty  pounds^  and  we  wore  therefore  enabled  to  do  more  work  in  a  shorter  time  with 
the  aame  machinery  and  apparatna  than  with  our  old  ftaam  boHarSi  in  which  the  pressure,  at  timea,  oo^d 
not  be  kept  up  higher  than  twenty  to  thirty  pounda. 
Ibe  actual  saTing  In  Aial,  during  this  time,  was  one  tlioosand  and  serenty-one  tons  of  coal. 

Tours  truly, 

GUSTAVUS  JASPER,  Superintendent. 


Worcester,  liaas.,  February  1, 1809. 
joora  Haudov,  Jr. 

Dear  Sir :— After  using  one  of  your  tfalrty-one  horse  power  boilers  sixteen  months.  It  gives  me  great 
pleasure  to  say  that  it  basjproTed,  in  erery  partloular,  entirely  satislSictorT.  I  have  had  many  opportuni- 
tiea  to  rsoommend  it,  whiob  I  hava  dome  wiOi  pleasure.  For  economy  in  fiiel.  It  exoela  all  bollara  In  use. 
I  can  raise  steam  In  shorter  tima  than  in  any  ix>ller  I  haTs  erar  seen ;  and  weuld  cheerfully  recommend  It 
as  the  cheapest,  satot,  and  moat  acopomtoal  Mlar  Sfrer  in  use. 

Very  respectftdly  yours,  

A.  N.  WUEJELm. 


OwnoE  OP  Tsz  Oiumn  Svatb  Mills, 

Newport,  N.  H.,  February  1, 1860. 
Jon?a  Hiumoir,  Jr.,  Isq. 

]>iar  Sir :— Tours  of  Januaiy  0th,  asking  our  opInSon  of  the  Harrison  Boiler,  Is  at  hand.  We  have 
had  your  bdler  In  use  fifteen  months,  and  It  gites  us  perf^  satisfhction  In  quickneas  ef  raising 
steam,  and  the  eheapneaa  of  running  it.  aa  compared  with  the  old-fhshioned  bollera.  Our  boUer  does  not 
yet  leak  a  drop,  and  we  do  not  believe  it  erer  will;  and  last,  though  not  least,  our  workman  about  it  du 

not  iM  obliged  to  get  their  liTea  Insured.  Tours  truly,  .  

OOFFnr  M  N0UB8B. 


Concord,  N.  H.,  February  6;  1868. 
JoaiPB  HABinoif,  Jr.,  Philadelphia,  Pa. 

Dear  Sir »— Tour  fkTcr  of  January  0th  came  duly  to  hand.  The  62^  horse  power  bollar,  which  we 
had  of  yon  la  Ootober,  has,  fhnn  the  time  we  commenced  its  use,  until  now.  given  perfbot  aaUaftetloo,  and 
we  can  see  no  reason  why  it  should  not  continue  to  do  so.  It  Is  the  only  boiler  (and  we  have  had  a  variety  of 
kindaO  that  suited  us  fktim  the  first  We  save  fbel,  are  troubled  with  no  leakage,  and  feel  safo  in  nimg 
It.    We  can  only  say  that  It  meats  more  than  our  expectations.  Truly  yours, 

ABBOT,  DOWNIHO 1 00. 
Ver  pffea-Ufl  nd  tllistratad  dienlar,  apply  to 


JOSEPH   HARRISOir, 

Qrm^t  JPerty  noiU,  PhOadtHftdm, 
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JUSTICE'S 
WATEB  '' 


40TU1SD  BT 

S.  JUSTICE, 

\Lf  Piaia«elpliUi. 


ml  9mA  tiapb  imtni- 
the  belief  that  ilirill 
do  awij  with  the  ob- 
ipaii J  oomplioated  uid 
ilbradmilareBdt 


be  general  ftrrangemenl 
irl  aperture  of  the  oook 
liiL 

being  eSMted  eo  m  to 
of  leee  than  180,  re- 
naine,  whilst  hard,  as 
I  pennanent  barrier  to 
;he  water,  which  is 
dwajs  oold  at  oock,  h; 
[ml  when,  bj  reason  of 
khe  water  line,  6,  lalliD^ 
k>  an  unsafe  point,  steam 
kakee  the  place  of  the 
rater  in  the  tube,  the 
reein  melts,  it  is  almost 
immediately  blown  out 
from  the  bowl  aperture 
of  the  oock,  and  the 
whistle  gires  notice  of 
the    danger   from    law 


Digitized  by  VjOOQ IC 


:^EANKLIN  S.  MILEa 

Iffo.   206   Quarry   Sfroef^ 


!^^^w  ^iyumfiiL^tas^Ti 


SCREWS  OF  BRASS,  IROS,  STEEL  AND  GERMAN  SILVER, 

TRUSS  BUTTONS,  SET  SCREWS  and  OHANQB  WHBEI. 

PINS  and  ROLLERS  for  Sewing  Maohinee, 

Etc.,  etc.,  etc 


Ml  BCRBWa  made  to  order  firom  Samplea  furtUshed, 

JWy.u».  

R.  D.  O.  SMITH, 


80IJCIT0B  OF 


AMERICAN  AND  FOREIGN  PATENTS, 

DbwCly  oppMito  SMtarn  KntnDM  to  tbe  FitaBt  Qfflo^ 


Basiness  of  any  description  relating  to  Patxktb  will  leoeiTO  prompt  and 
thorongh  attention.    All  letters  of  enqairy,  enclosing  stamp,  answered  witboat 
charge. 
References  in  any  part  of  the  country  fhmished  when  desired. 


ELECTKO  MAGNETIC 

Magneto-Electric  Machines, 

AND 

Galvanic  Batteries, 
MANUFACTURED  BY  J.  NEFF, 

622  Cherry  Street,  Philadelphia,  Penna. 
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H.  HOWSON'S 

^        FOEREST  BUILDINGS, 

No.  119  Souih  F^mrih  Sireet, 

PHILADELPHIA. 

MABBLE  BUILDIKQS, 
Ao.  460  SEVENTH  ST., 

(Opporitt  V.  B.  Pateat  (MBo^) 
WASHINaTON,D.C. 

PBINCirAL  OFFICES,  FHILABBLFHIA. 

H.  HowsoN  prepares  SpeeiflcatioDS,  Drawings,  AdBdgnmenta^  Amementf ,  Aa ; 
condaots  Interferencesi  AppealB,  Applications  for  M-iisaeS|  HSriftwiDns,  Ac: 
attends  to  the  Filing  of  Caveats,  reports  as  to  the  PatentabiUtj  of  Inveiitions,  and 
acts  aa  Consulting  Attorney  in  suits  respecting  Patents. 

Thx  Washutotov  Offioxs,  in  charge  of  a  trained  and  oonffdential  clerk  of  the 
establifbment,  and  visited  at  frecjuent  intervals  by  the  proprietor,  enables  the  latter 
1.0  make  preliminary  examinations  promptly,  to  prosecute  rejected  applications 
withoat  delay,  and  to  retain  in  his  charge  all  cases  entrusted  to  him,  instead  of 
resorting  to  the  common  but  dangerous  practice  of  handing  them  Wfa  loirreapoB* 
sible  practitioners. 

A  MoBXL  DsFABTMSNT,  in  charge  of  one  of  the  most  expert  meohaalci  in  tha 
city,  forms  a  part  of  the  establishment  in  Forrest  Buildings,  and  alfbrdi  to  InTentort 
an  opportunity  of  having  their  models  made  promptly,  secretlv  and  at  moderate  ooit 

Partiee,  on  application,  can  obtain  pampnlets  relating  to  both  United  States  and 
Foreign  Patents. 


,Io«m,<MobtrU,Uir. 

DsAaSn:  Itik«tbStoeeMkntoitet»to70D,tlMtt>rMvanlj«wipMt  I  tevt  btta  Mfwdattd  vtik 
UMniaiiii«rlnwliidi7oahaT*«oiidiiotedjQiirlwisipe0iM!^fet«Q  TlMilMSShFMDi'l9«Bbighlj 

endiarida  to  jroansiraiid  MtMMdiTto  the  Pataaibftoti'  Toe  vMMMfma  Mi>irtU(MiiprM»m 
CbMoiathiitiatelUglbtoftwm  which  geMnllviomirodiMeeM.  I  mate  thif  Oertiaeito  im  hopM  thtt  H 
maj  b*  MTTieeable  to  joQ  In  oo&tiaviBc  t»  ftad4hst«apk9af  ^ ' 

—    bearing  iojastljaatitlojoa. 

tndy, 
dtflJLMASOli,  Liilt( 


^OeMbtr  lh,lMli 
MTtaamSnit  ItfHwBagNatpkataMtoilfaayliitfaMBjaBlothasnMrlBwhlflbyoac 

ofPai«iiti,darlnKthat»aryaar  '""  —  — ..-— -^— *- 

,-jidi)r  a  eonaldanblo  period  Aetl_. 

imrtac  *haf  time  jcmr  hniliwiw  at  tho  Patent  (Mtea  waaaorpaMedUiarteirthBthy  CBaJiMln  NtwTatfc. 


er  the  U.  a.  Patent  Offlea, 

m 

Tha 


a  SoUflltor  ofPatenti,  darlnic  the  t»iir  Toara  tbrt  I  was  Chief  Otefc  aad 
at  Oflkea,  and  i)r  a  eonalderable 


thataU  _ 

if JndRla|»  I  ib  not  healtata  to  eay,  theft  Toor  thorough  ka 
<n  tha  iraft  nak  or  tha  SoUettoea  or  Pataali  dfttia  VaMed 

JOHN  Ii.  HA19B,  InlaCkMOtak  «nd  Heaalhn  Oflsv  QL  H 
B.  gewsost;  ■§»,  PhnsdeipW%  Pa. 


idahjlbs. 
■  efthasooatiy. 
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CIRARD  TUBE  WORKS. 

JOHN  H.  MURPHT  &  BROS. 

WORKS,  TWENT7-THIRD  and  nZiBBRT  8TRXSST8. 

0£Boe  and  Warehonae,  No.  42  N.  Fifth  Streeti 

PHILADELPHIA. 

iiin  Dm  m  TiK  run  ue  wnm 

With  Malleable  and  Cast  Iron  Fittings  to  suit  the  same,  for  Steam,  Gas,  Water 
and  other  purposes ;  Gas  and  Steam-Fitters'  Tools,  Brass  Work,  &c    Agents  of  the 

•'GUNPOWDER  COPPER  WORKS/' 

Braalers'  and  Sheathing  Sheets  on  hand.    Pattern  Sheets  rolled  to  order. 

STEPHEN  USTICK, 

PATENT   ATTORNEY, 

OfiBce,  108  S.  Fourth  Street,  Philadelphia. 


All  bmiiMM  reUtiag  to  procuring 

^aesleaa  aad  SPesdIsa  Fateats* 

Including " 

Appeals,  Sejected  Applications,  Interference  Gases^ 
Se-iflsues  and  Extensions, 

r   ,1, 

y         BXSOXJTBD  WITH  OABB  AND  DISPATCH. 


»Xhe  patent  OfEloe,  at  Washington,  visited  frequently. 


GimmwsMA&M®  T^mM  wosss* 


THOMAS  HA  >IT.  WtLUAM  B.  BOOK. 

HART   &  BUCK, 

MAKUrXGTUBXBS  OV 

WROOQHT  IRON  AND  eALVANIZED  TUBES 

WOBL 

GAS,  STEAM,  WATEE  OE  OIL. 
IHaUmble  ani^  Cast  iron  iittings,  Brass  tDork» 

QAS  and  STEAM-FITTEBS^  TOOLS,  ibe. 

Ottoe  and  w«rAhou««i.  Vqb.  7  ft  •  North  Fifth  Street,  Philadelphia. 
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924  ChMtma  Street,  FhiladelpMa, 


1CAV0TAOTX7BXBS  JUfD  IMF0BTXB8  OF 


SUKVEVIJIO  COlCFABflESi  EVOIHEEBff  8TAZI0HZBT, 

SpectacleSi  Microscopes,  Opera  Glasses,  Spy  Glasses,  Lenses, 


ELECTRICAL  MACHINES  WITH  PROF.  R.  E.  ROGERS'  CONUENSERS, 

PHILOSOPHICAL  IN8TRTTMSNT8  AND    SCHOOL  APPARATUS 


Jl^^Each  of  the  foUowiDg  parts  of  our  priced  and  illustrated  Cauilegue  sent  to 
any  address,  firee  of  charge : 
Part  1. — ^Mathematical  Instruments. 

Part  2. — Optical  Instruments. 

Part  8. — Stereosoopticans  and  Magic  Lanterns. 

rart  4. — Philosophical  Instrumonc*. 
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BBTABL.ISHED  1801. 


J.  EEYNOLDS  &  SON, 

N.  W.  Cor.  Thirteenfh  and  Filbert  StreetSi 

SOL.B  MANUFACTURERS  OF  THE  CELEBRATED 

WROUOBT  IRON  AZR-TZOBT 
Wlfli  Fatent  Dusl-Screen,  Grate-Btr  tests 

▲VD 

WROUGHT  IRON  RADIATOR. 


This  eat  represents  our  Hester  with  tbe  Patent  Wrought  Inm  Bediator 
sttaohed.  It  is  made  of  heajj  iron,  well  riveted  together,  and  is  permaneDtly 
attached  to  the  Heater;  openings  for  cleaning  from  the  oatside  of  hnok  chamber 
are  provided,  so  that  it  can  be  done  at  any  time  by  any  person.  Oar  Heater  has 
nndonbted  and  decided  advantages  over  every  other  Heating  Apparatos  now 
offered  for  sale,  especially  for  horning  Bitamineos  Coal. 

We  desire  to  call  the  attention  of  those  in  want  of  Cooking  Apparatus  to 

OUR  OWN  CBLEBBATED  RANGES  (three  sises). 

HARRISON'S  IMPROVED  EUROPEAN  RANGES  (thirty  sizes). 

IMPROVED  FRENCH  RANGES  AND  BBOILERS 

For  Hotels,  Restaarants,  fto. 

And  OUR  PATENT  FLATTOP  HEATING  RANGE. 

LATROBE  HEATERS,  SLATE  MANTELS, 

LOW-DOWN  GRATES,  PORTABLE  HEATERS, 

REGISTERS^  VENTILATORS,  Ac.,  4a 

I^Send  for  one  of  oar  lUastrated  Parophlets.^M[ 
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BAKXX^K  &   WILCOX'S 


PATENT 


Mott^rg  S^^^^-Stt0in^ 


These  Eng^es  are  fitted  with  Flat  Slide  Yalves,  having  a  constant 
THROW  under  all  circnmstances ;  an 

AVTOMAnC  C4JT-0FF, 

operated  through  the  Qovernor  bj  the  direct  action  of  the  steam,  to 
suppress  the  steam  at  any  desired  point  in  the  stroke,  and  our 

FABALLEL  ISOCHRONAL  GOTEBHOB, 

which  gives  the  same  speed  under  all  conditions  of  load  and  pressure  of 
steam.     Thej  are  unequalled  for 

Economy  of  Fuel^  Regularity  of  Speed,  Simplicity  of  Mechanism. 


em  &  wiicox's  phteit  tubulous  boiler 

IS  StlPERIOR  TO  ALL  OTHERS  IX 

Economy,  Efficiency,  Durability  and  Safety, 
BABCOCK,  WILCOX  &  CO., 

44  Cartlandt  St.,  Jffew  Tork. 
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SEAMLESS  DRAWN  BBASS  TUBES 

AND 

SEAMLESS  DRAWN  COPPER  TUBES, 


roK 


Locomotive,  Marine  &  Stationary 
BOILERS, 

MANXTPACTUSED  BT  AMERICAN  TUBE  WOBES, 


.^^WfliT^^^ 


y 


^•w^^^^w 


SEAMLESS  DRAWN. 


HEATER  TUBES, 
WORMS  FOR  STILLS, 
HAND-RAILS, 
PUMP  CHAMBERS, 
FEED  PIPES, 
SAND  PIPES, 


ALSO, 

PAPER  ROLLS, 
BILGE  PIPES, 
STEAM  PIPES, 
CONDENSERS, 
PUMP  RAMS, 

PRINTERS'  ROLLS, 


BRASS  TUBES  FOR  PLUMBING  &  OTHER  PURPOSES. 


Office,  103  State  Street,  Boston, 

JOSEPH  H.  COTTON,  Treasurer. 

ITew  Tork  Office,  69  Wall  Street, 

W.  H.  BAILEY.  AaenL 
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PAPER  MANUFACTURERS 


AND  AQENT8  OF  THI 


%mM  "^ni  ^^n  ^0., 


OmC£S  AND  WAREHOUSES: 
No.    27    NOETH   SIXTH    STEIEET,    FHILADELFHIA, 

AMD 

No.  128  WnUAM  STREET,  NEW  TOSK. 

Hkve  on  hand  and  make  to  order,  at  ihort  noUoa^ 
AU,  QVAUTDS  AVD  UZIt. 

(l(odont8  jnn  ^n%  lasers, 
MA.NILL-A.      PA.PEIIS. 

IMPORTERS  OF  CHEMICALS  AND  FELTINGS, 

OF  ETBBT  mnOBXFTIOH. 

Cash  Market  Prices  Paid  for  all  kinds  of  Paper  Stock. 
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KAKUYACTUKIBS  Of 


REVOLVIRG  HEM  SCREW  ttACNIRES, 

UNIVERSAL  MILLING  MACHINES, 

TAPPING  MACHINES,  PATENT  CUTTERS  for  GEARS,  Ac. 


Na  1  80BXW  MAOHINB. 


Thii  mftofaine  to  soitabla  for  miking  from  bar  iron  all  kinds  of  sorews  and  siadi 
ordinarily  used  in  a  machine  shop.  One  man  with  thto  machine  will  produoa  aa 
many  screwB  aa  from  three  to  five  men  can  make  on  at  many  engine  Uthea,  and 
they  will  be  more  uniform  in  sise.  Nuts  can  be  drilled,  tapped  and  one  side  fooed 
up,  and  many  parts  of  sewing  machines,  cotton  machineir,  gas  and  steam  llttiiifS 
Blade  on  this  inaohinei  with  a  great  saving  of  time  and  labor. 

PBOUFTNESSl  GOOD  WOBEI         BSASONABLS  BATBI 

Full  information  In  regard  to  PATENTS  sent  free  to  any  addret4 
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MACHINE  BELTING 


^w^m^  Bff^®t&@ff8 


!> 


ESTABLISHED  1867. 


MANTJPACTURERS  CRANE'S  PATENT 


FAFEl   1 


Which,  for  mechanical  exactness,  in  running,  economy  of  time  and  labor 
in  case  of  large  belts,  and  dorabilitj,  is  considered  superior  to  any  other 
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DITORIAL. 


ITEMS  AND  NOVELTIES. 

The  New  York  and  Brooklyn  Bridge.— The  Bridge  Company 
have  not  yet  concluded  the  negotiations  for  a  site  for  the  Bridge 
Tower  on  the  Brooklyn  side  of  the  river.  This  tower  will  be  built 
in  the  third  or  upper  slip  of  the  Fulton  Ferry.  The  Ferry  Company 
lease  their  ferry  property  from  the  City  of  New  York,  and  the 
Commissioners  of  the  Sinking  Fund  of  this  city  are  vested  with  the 
power  of  leasing  and  selling  public  property.  When  negotiations 
were  opened  by  the  Bridge  Company  to  obtain  possession  of  the 
upper  slip  and  a  section  of  the  adjacent  land,  the  Sinking  Fund 
Commissioners  referred  the  matter  to  a  Commission  of  Estimate 
and  Assessment,  consisting  of  Wilson  G.  Hunt  and  Thos.  E.  Agnew, 
who  have  not  yet  made  their  report.  It  is  understood,  however, 
that  this  will  be  forthcoming  without  much  further  delay,  after 
ToL.  LTIII.— Third  Series.— No.  6.— Dkcimber,  1869.         46 
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whicli  the  preparations  for  the  reception  of  the  caisson  will  be  at 
once  proceeded  with.  Messrs.  AVcbb  &  Bell,  of  Greenpoint,  have 
commenced  the  construction  of  the  caisson,  which  is  to  be  sunk  to 
the  base  of  the  Brooklyn  tower  of  the  East  Eiver  Bridge,  and  the 
work  is  now  well  under  way.  Col.  William  H.  Paine  is  at  Messrs. 
Webb's  yard  every  day  superintending  the  work  on  behalf  of  the 
Bridge  Company.  It  is  expected  that  the  caisson  will  be  ready  to 
lauch  some  time  in  March.  It  will  then  be  floated  to  the  location 
of  the  Brooklyn  foundation.  The  river  shore  will  be  dredged  out 
to  low  water  line,  and  the  caisson  floated  into  its  position  on  a  high 
tide;  on  the  water  receding,  it  will  be  anchored  or  "seated,"  and 
excavating  to  sink  it  the  required  depth  will  be  carried  on  in  its 
interior.  Through  the  roof  will  be  six  shafts,  or  funnels,  made  of 
J^inch  boiler  iron.  The  two  supply  shafts  through  which  the  work- 
men descend  and  ascend,  and  by  which  the  excavated  soil  is  removed, 
will  be  21  inches  in  diameter  each.  Each  of  the  two  air-shafts,  bj 
which  air  is  supplied  to  the  workmen,  is  42  inches  in  diameter. 
Each  of  the  two  water-shafts,  in  which  the  water  oozing  through 
the  soil  will  be  conducted,  so  as  to  keep  clear  of  the  workmen,  is  7 
feet  square.  On  top  of  this  caisson  will  be  piled  timber  to  the 
height  of  15  feet,  and  the  whole  mass  filled  in  with  concrete,  and 
on  this  bed  of  wood  and  stone  will  be  placed  the  masonry  for  the 
towers.  The  caisson  is  in  shape  a  parallelogram,  168  feet  long  and 
102  feet  wide  on  the  outside,  and  is  about  15  feet  high.  The  sides 
are  V-shaped,  the  bottom  being  8  inches  thick,  and  the  top  8  feet 
3  inches,  and  10  feet  high,  and  the  roof,  which  rests  on  three  sides, 
is  5  feet  thick.  The  whole  is  constructed  with  yellow  pine,  a  foot 
square,  with  the  seams  caulked.  Between  the  outside  layers  of 
timber  is  a  sheathing  or  layer  of  tin,  between  two  of  felt,  intended 
to  prevent  the  atmosphere  from  working  into  the  interior  of  the 
.  caisson.  The  sharp  edges  of  the  structure  are  to  facilitate  the  sink- 
ing of  the  box  30  feet  beneath  low  tide  level,  and,  accordingly,  this 
portion  is  strongly  made.  The  first  layer  of  timber  is  of  oak ;  on 
this  is  bolted  a  cast  iron  shoe,  8  inches  wide,  oval  on  its  face,  being 
3  inches  thick  in  the  centre.  Around  the  shoe  is  placed  an  armor 
of  boiler  iron,  extending  3  feet  above  the  shoe,  on  both  sides  of  the 
wall,  the  whole  strengthened  by  heavy  angle-irons  on  the  interior, 
16  feet  long.  As  the  pressure  of  air  on  the  caisson  will  increase  as 
it  sinks,  it  is  estimated  that  the  atmosphere  resting  on  the  surface 
will  vary  from  18,000  tons  to  40,000  tons,  consequently,  careful 
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and  accurate  calculation  is  made  to  give  strength  to  the  box.  The 
timbers  are  all  bolted  together,  perpendicularly,  horizontally  and 
diagonally,  with  the  heaviest  and  longest  bolts  ever  used.  These 
bolts  are,  on  an  average,  18  inches  apart  throughout  the  structure, 
and  the  ends  are  made  air-tight  by  rubber  washers.  The  immense 
number  of  bolts  may  be  imagined,  when  it  is  expected  that  100 
tons  of  them  will  be  used.  The  interior  of  the  caisson  will  be  a 
room  166  feet  long,  100  feet  wide,  and  9  feet  high.  There  will  be 
about  1,500,000  lineal  feet  of  timber  used  in  constructing  the  cais- 
son, and  when  ready  for  launching  it  will  weigh  3,000  tons.  In 
order  to  launch  it,  there  will  be  seven  ways  or  keels  underneath, 
and  a  water-tight  compartment  or  air-chamber  in  the  interior,  38 
feet  wide,  extending  lengthwise.  In  addition  to  this,  there  are  10 
heavy  supporting  frames  to  sustain  the  roof. 

New  Method  of  Setting  Tires.— A  late  English  patent  is  for 
contracting  the  wheels  instead  of  expanding  the  tire  while  the  set- 
ting is  being  accomplished:  this  is  done  by  hydraulic  pressure. 
*' As  the  pressure  is  applied  and  th6  wheel  contracts,  it  is  made  to 
descend  into  a  funnel-shaped  support,  so  that  when  the  external 
pressure  is  taken  oflF  of  the  rim,  the  pressure  upon  the  hub,  giving 
dish  to  the  wheel,  being  still  maintained,  the  contraction  of  the  rim 
is  kept  up  till  the  tire  is  placed  around  it.  The  hub  being  next 
released  from  pressure,  the  elasticity  of  the  wood- work  carries  the 
hub  back  to  its  normal  position.  With  reference  to  other  parts  of 
the  wheel,  a  general  expansion  takes  place,  and  the  tire  becomes 
permanently  set." 

A  Huge  Bridge. — The  iron  bridge  at  St.  Louis  connecting  the 
Illinois  and  Missouri  shores  of  the  Mississippi  River,  is  reported  to 
have  been  commenced,  and  430 men,  with  all  the  modern  steam  appli- 
ances for  excavating  earth  and  moving  heavy  stones  and  timbers  are 
now  at  work.  The  bridge  structure  is  to  be  composed  of  three  wrought 
and  cast  iron  arches,  one  of  515  feet  in  length,  the  other  two  497 
feet  each.  The  lower  part  of  the  bridge  is  intended  for  the  passage 
of  railway  trains,  the  upper  for  ordinary  travel. 

Steel  Fire  Boxes  for  Locomotives,— At  a  recent  meeting  of 
the  Master  Mechanics'  Association,  at  Pittsburg,  Pa.,  the  report  of 
a  special  committee  stated  that  a  locomotive  had  run  on  the  North- 
western Eailroad  for  eight  years  with  a  steel  fire-box,  which  has 
thus  far  shown  no  signs  of  wear,  although  the  coal  and  water  had 
proved  extremely  detrimental  to  the  copper  and  iron  fire-boxes 
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previously  used.  Two  locomotives  on  the  Pennsylvania  Eailroad, 
fitted  with  steel  furnaces  in  1861,  still  remain  intact,  and  about  the 
same  time  two  on  the  Baltimore  and  Ohio  Eailroad  were  furnished 
in  like  manner  with  the  same  results.  The  committee  decided  em- 
phatically in  favor  of  homogeneous  steel  plates  for  locomotive  fire- 
boxes, at  least  all  those  that  burn  bituminous  coal ;  and  that  for 
boiler  plates  for  general  construction,  this  material  combines  in  a 
greater  degree  than  any  other  requisites  of  durability,  safety  and 
economy. 

Annealing  Large  Cast  Projectiles.— The  tendency  of  large 
casting  to  burst  is  well  known;  the  remedy  is  to  provide  for  homo- 
genity  in  the  casting.  The  plan  suggested  for  largo,  projectiles  is 
that  followed  by  the  Messrs.  Whitney  &  Sons  with  their  car-wheels, 
namely,  to  move  the  cast  projectiles  from  the  chills  as  soon  as  the 
metal  has  "  set "  nearly  or  quite  to  the  core ;  place  them  in  an  oven 
heated  to  from  700°  to  800°,  and  suffer  them  to  remain,  guarded 
from  oxydation  by  influx  of  air  or  gases,  until  the  gradual  lowering 
of  the  temperature  has  brought  them  to  the  requisite  cool  condi- 
tion. The  time  required  for  annealing  in  this  manner  a  10-inch 
solid  shot  is  estimated  at  from  10  to  15  days.  The  method  is  worthy 
of  testing  by  manufacturers  who  may  have  occasion  to  turn  out 
chilled  castings  of  any  considerable  size. 

The  "Mahovos." — We  take  the  following  from  the  report  of 
Mr.  Auchincloss,  on  steam  engineering,  at  the  Paris  Exposition. 
"A  curious  invention  has  recently  been  produced  by  Mr. C.Schou- 
berswky,  of  St.  Petersburg.  Its  object  is  to  dispense  with  steep 
gradients  on  railways,  by  the  addition  of  a  carriage  to  each  train, 
which  shall  act  the  part  of  a  store-house  for  momentum  developed 
during  a  descent,  whence  it  may  be  reproduced  at  will,  and  assist 
the  locomotive  on  the  opposite  ascent.  He  has  given  the  title  of 
*  Mahovos '  to  this  new  motor,  and  introduced  a  working  model  in 
the  Eussian  Department  of  the  Exposition.  The  track  for  the 
same  is  110  feet  in  length,  having  a  rise  of  4  feet  in  this  distance. 
Near  its  lowest  point  is  a  turn-table  for  reversing  the  *  Mahovos,' 
and  a  tank  to  receive  the  water  contained  in  its  train  of  five  cars. 
The  model  weighs  275  pounds.  The  drawings  accompanying  the 
report  show  two  ponderous  fly-wheels,  resting  by  means  of  rollers 
upon  a  central  pair  of  wheels,  which  ran  upon  the  track  between 
two  larger  truck-wheels.  The  five  cars  filled  with  water  are 
coupled  in  front  of  the  *  Mahovos '  at  the  top  of  the  grade.    When 
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ready  for  starting,  the  two  large  fly-wheels  are  lowered  until  their 
axle  rests  on  the  four  friction-rollers,  and  these  in  turn  on  the  six 
carrying  wheels  on  the  truck  through  the  medium  of  four  rolls  on 
their  shafts.  Under  the  impulse  of  gravity,  the  train  commences 
its  slow  descent,  during  which  a  high  velocity  is  ultimately  im- 
parted to  the  fly-wheels.  It  reaches  the  turn-table  after  a  lapse  of 
two  minutes.  At  this  point  the  cars,  being  detached,  continue 
their  journey  until  the  tank  is  reached,  into  which,  having  dis- 
charged about  800  pounds  of  water,  they  are  then  led  back  to  the 
turn-table.  In  the  meantime  the  fly-wheels,  with  their  shaft,  are 
raised  out  of  gear,  the  *  Mahovos '  turned  end-for-end,  and  made 
ready  to  re-ascend  after  the  coupling  of  the  cars  takes  place.  This 
being  accomplished,  the  fly-wheels  are  lowered  a  second  time,  when 
the  cars  rise  quickly  to  the  starting  point." 

Longitudinal  Sleepers  for  Railroads.— The  State  Engineer 
of  New  York  says,  in  his  report  on  railroads:  "  There  is  a  growing 
conviction  among  engineers  that  the  longitudinal  system  will  be- 
come standard.  It  offers  from  two  to  three  times  as  much  bearing 
for  the  rail  as  the  cross-sleeper  system.  The  whole  strength  of  the 
longitudinal  sleeper  is  added  to  the  strength  of  the  rail,  considered 
as  a  beam  to  carry  the  load,  the  strength  of  the  cross-sleeper  is 
wholly  wasted.  The  longitudinal  is  almost  certain  to  prevent  the 
displacement  of  a  broken  rail. 

Wagon  Tongues. — George  Alexander,  of  Eomney,  Indiana,  has 
invented  a  device  to  retard  the  jarring  of  wagon  tongues.  A  piece 
is  bolted  to  the  under  side  of  the  tongue,  to  which  is  pivoted  an 
iron  rod;  this  rod  plays  into  a  cylindrical  spring  attached  to  the 
gearing  of  the  fore  axle.  The  rod  is  threaded  to  receive  a  nut 
which  rests  against  the  spring,  and  can  be  regulated  to  keep  the 
end  of  the  tongue  at  the  height  desired,  thus  preventing,  in  a  mea- 
sure, the  jerking  of  the  breast-chains  and  the  jerking  of  the  collars 
upon  the  horse's  necks. 

The  Fog- Whistle  at  Cape  Foucher,  N.  S.— It  is  said  this 
whistle  may  be  heard  15  miles  in  calm  weather,  5  to  8  miles  in 
storms,  25  miles  with  the  wind,  and  5  to  8  miles  against  the  wind. 
Arsenic  in  Carbonate  and  Sulphate  of  Soda.— Fresenius 
finds  that  arsenic  is  often  present  in  carbonate  of  soda.  A  sample, 
being  purcha.sed  as  chemically  pure,  on  being  mixed  with  cyanide 
of  potassium,  and  heated  in  a  stream  of  carbonic  acid  gas,  gave  dis- 
tinct traces  of  an  arsenic  mirror.   Five  grammes  dissolved  in  water, 
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and  saturated  with  hydrocWoric  acid  heated  to  70°  C,  gave  clear 
yellow  flocculi  with  sulphuretted  hydrogen.  lie  traces  the  origin 
of  this  arsenic  to  the  sulphuric  acid  employed  in  the  manufacture, 
the  greater  portion  of  which  is  now  made  from  arsenical  iron 
pyrites. 

Heating  Solutions  above  212°  with  Steam  at  212°.— In 
the  last  number  of  the  English  Chemical  News,  which  we  have  re- 
ceived (November  26th),  we  find  an  interesting  paper  by  Mr.  Peter 
Spence,  F.  C.  S.,  in  which  he  describes  experiments  which  led  him 
to  the  discovery  that,  if  steam  at  atmospheric  pressure  and  corre- 
sponding temperature  was  passed  into  solutions  of  a  higher  boiling 
point,  it  would  heat  them  to  temperatures  much  above  that  of  the 
entering  steam,  and,  in  fact,  related  to  the  boiling  point  of  the  solu 
tions  treated. 

Though  at  the  first  glance  this  result  seems  paradoxical,  a  little 
reflection  shows  us  that  it  is  exactly  what  we  should  expect  from 
the  known  conditions. 

As  every  one  is  aware,  steam  contains  some  1,000°  of  latent 
heat — I.  c,  to  turn  one  pound  of  water  at  212°  to  steam  at  212° 
will  require  as  much  heat  as  would  raise  over  1,000  pounds  1°, 
or,  neglecting  accidental  conditions  of  the  experiment,  1  pound 
over  1,000°. 

Reciprocally,  if  steam  at  212°  is  converted  into  water  at  212°, 
this  same  amount  of  heat  is  liberated. 

Now,  when  steam  is  passed  into  water,  it  rapidly  heats  it  by  this 
cause  to  212°,  but,  after  that,  will  no  longer  be  condensed,  and 
hence  will  impart  no  higher  temperature,  but  will  simply  escape 
with  all  its  heat  still  in  it. 

When,  however,  the  steam  enters,  a  dense  solution,  such  as  that 
of  sulphate  of  allumina,  mentioned  by  Mr.  Spence,  it  may  be  said 
to  combine  with  it,  diluting  it  by  means  of  the  water  so  added,  but 
yet  leaving  a  solution  which  will  not  be  vaporized  by  the  higher 
temperature  thus  acquired  and  which  thus  retains  the  added  heat. 

Were  it  not  for  the  action  of  the  dissolved  salt,  any  rise  of  tem- 
perature above  212°,  supposing  it  to  occur  from  condensation  of 
steam,  would  cause  the  formation  of  a  similar  amount  of  vapor, 
which  would  reabsorb  the  emitted  heat,  and  so  keep  the  tempera- 
ture constant  at  212°. 

The  essential  point  in  this  reaction  is  after  all  the  absorption  of 
the  steam  by  the  solution ;  and  while  this  discovery  is  of  great  inte- 
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rest  and  value,  and  a  beautiful  illustration  of  the  theory  of  latent 
heat,  we  must  be  careful  not  to  be  misled  into  an  inaccurate  view 
of  its  real  significance. 

Test  for  Prussian  Blue. — Jerome  Nickles  found  that  Prussian 
blue  might  be  distinguished  from  the  blue  of  indigo,  or  aniline,  by 
means  of  fluoride  of  potassium,  which  bleaches  it,  while  it  does  not 
so  effect  the  other  two. 

A  New  Acid  of  Sulphur. — Prof.  Schutzenberger  has  discov- 
ered an  oxide  of  sulphur,  to  which  he  proposes  to  give  the  name 
hydrosulphurous  acid,  and  to  its  salts  hydrosulphites.  The  formula 
is  SOH,  HO.  The  acid  is  considerably  less  stable  than  its  salt,  and 
is  produced  by  the  action  of  sulphurous  acid  upon  zinc. 

SO^  +  H2  0  +  Zn  =  (SO3)  Zn  +  W 
S02  +  H2  =  SOH,HO. 

The  liquid  resulting  from  the  action  of  the  zinc  upon  a  concen- 
trated solution  of  bisulphide  of  soda,  with  exclusion  of  air,  and  in 
a  cooling  mixture,  is  poured  into  concentrated  alcohol,  and  the 
flask  sealed;  immediately  double  crystals  of  sulphite  of  soda  and 
zinc  deposit  on  the  side  of  the  vessel.  The  alcohol  is  decanted  and 
again  sealed  up  and  left  to  itself,  when  acicular  crystals  rapidly 
form.  These  crystals  rapidly  efflovesce,  and  must  be  kept  herme- 
tically sealed.  Their  solution  decolorizes  indigo,  litmus,  and  pre- 
cipitates hydrate  of  copper  from  its  sulphate,  and  silver  from  its 
nitrate.    Hj^drogen  separates  in  a  nascent  state.     The  formula  for 


SOH 
the  soda  salt  of  the  new  acid  is    -vr     !■  0,  and  the  free  acid  would 


Na   }0. 


be  SOH,  HO.  As  the  new  acid  possesses  bleaching  properties 
equal  to  ozone,  further  information  in  reference  to  it  will  be  looked 
forward  to  with  interest. 

Photographic  Exposure  Shortened,— In  a  late  number  of 
the  Photographic  News,  London,  which  is,  undoubtedly,  the  best 
foreign  publication  of  its  kind,  we  notice  an  interesting  paper  on 
the  above  subject  by  Mr.  William  Blair,  and  an  excellent  editorial 
notice  of  the  same. 

From  these  we  gather  that  an  increase  in  rapidity  of  working  in 
the  camera  may  be  obtained  by  exposing  the  negative-plates  to  a 
little  diffused  light  before  or  after  exposure.  The  rationale  of  this 
treatment  is,  that  a  certain  amount  of  motion  or  other  change  (ren- 
dering the  film  fit  to  react  with  the  developer)  is  given  to  the 
entire  surface,  leaving  but  little  more  to  be  done  by  the  localized 
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lights  of  the  picture  in  order  to  cause  a  deposit  to  take  place  with 
the  developer,  while,  at  the  same  time,  this  general  action  is  not 
sufficiently  decided  to  produce  any  effect  without  this  added  action 
of  light,  thus  leaving  the  dark  portions  unaffected,  although  they 
are  thus  brought  to  the  very  verge  of  reaction. 

Protective  Coating  for  Small  Metal  Articles.— Capt.  Boss, 
of  the  English  artillery,  has  obtained  letters-patent  for  a  composi- 
tion which,  applied  to  the  clean  surface  of  iron  and  other  metals, 
chemically  combines  with  it  to  form,  in  the  case  of  iron,  a  coating 
of  iron  itself,  but  changed  in  character,  so  that  it  will  not  rust  or 
oxydize,  even  if  steeped  in  water  for  a  week.  Experiments  were 
made  on  some  delicate  steel  articles,  by  putting  them  in  the  rain 
and  keeping  them  out  on  wet  grass  all  night,  which  ordeal  they 
sustained  without  gaining  a  speck  of  rust.  It  is  hard  to  say  what 
trade  will  not  profit  by  this  discovery.  The  composition  can  be 
applied  to  the  finest  needles  and  small  clock-wheels.  It  is  said  to 
improve  the  temper  of  knife  or  sword-blades. 

Working  of  Plaster  of  Paris.— When  2  to  4  per  cent,  of  finely- 
pulverized  althea  root  {marsh  mallow)  is  mixed  with  plaster  of 
paris,  it  retards  the  hardening,  which  begins  only  after  an  hour  s 
time.  When  dry,  it  may  be  filed,  cut  or  turned,  and  thus  become 
of  use  in  making  domino-stones,  dies,  brooches,  snuff-boxes,  &c. 
8  per  cent,  retards  the  hardening  for  a  longer  time,  but  increases 
the  tenacity  of  the  mass.  The  latter  may  be  rolled  out  on  window- 
glass  into  thin  sheets,  which  never  crack  in  drying,  may  be  easily 
detached  from  the  glass,  and  take  on  a  polish  readily  by  rubbing 
them.  This  material,  if  incorporated  with  mineral  or  other  paints, 
and  properly  kneaded,  gives  wqtj  fine  imitations  of  marble,  and 
can  be  colored  when  dry,  and  can  be  made  water-proof  by  polish- 
ing and  varnishing.  The  chemist  and  chemical  manufacturer  will 
find  it  an  excellent  luting  for  vessels  of  every  kind. 

The  Albertype. — The  London  Photographic  News  thus  describes 
the  process:  "A  plate  of  glass  is  covered  with  a  solution  of  albu- 
men, gelatine  and  bichromate  of  potash,  dried,  and  exposed  to  light 
until  hardened.  It  is  then  again  covered  with  a  solution  of  gela- 
tine and  bichromate  of  potash,  and,  when  dry,  exposed  under  the 
negative,  and  the  film  is  then  found  to  possess  qualities  analogous 
to  a  drawing  made  with  fatty  ink  upon  lithograph-stone.  All  those 
portions  of  the  film  that  were  acted  upon  by  the  light  will  refuse 
water  and  take  printing-ink,  while  those  portions  which  were  pro- 
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tected  from  light  by  the  negative  will  take  water  and  refuse  ink. 
The  ink  and  water  will  be  absorbed  by  the  film  just  in  accordance 
with  the  gradations  of  light  and  shade  in  the  negative.  To  produce 
a  picture,  wet  the  surface  of  the  film,  then  apply  ink,  lay  on  paper, 
and  pass  through  a  press:  the  operation  being  substantially  the 
same  as  lithography.  The  process  is  said  to  be  rapid,  and  excellent 
pictures,  of  all  sizes,  may  be  printed  in  admirable  style." 

California  Silk, — We  have  received  from  Mr.  William  J.  Horst- 
man  a  beautiful  specimen  of  raw  silk  raised  in  California  by  Mr. 
D.  Prevost,  of  San  Jos^,  and  reeled  on  a  machine  invented  by  Mr. 
Joseph  Neuraan,  of  the  same  place. 

This  material  is  of  an  excellent  character  and  in  perfect  condi- 
tion, forming  a  solid  hank  of  the  beautiful  golden  color  peculiar  to 
the  best  raw  silk.  We  learn  that  much  is  being  done  in  California 
by  the  gentleman  on  whose  estate  this  sample  was  produced,  as 
well  as  by  others,  and  it  will  evidently  be  of  great  advantage,  if  an 
industry  which  represents,  yearly,  a  sum  of  $214,900,000  can 
receive  such  encouragement  that  it  may  be  fairly  established  in  our 
country,  where  so  large  a  demand  for  its  products  does  and  always 
must  exist. 

In  France,  this  industry  has  grown,  under  governmental  protec- 
tion, from  a  yearly  aggegate  of  $5,000,000,  in  1812,  to  $140,000,000 
in  1860. 

Bemoving  Gum  from  Silk. — A  French  patent  makes  known 
the  fact  that  the  removal  of  gum  from  silk  may  be  more  easily  and 
cheaply  obtained  by  the  use  of  ammonia  than  by  the  usual  method 
of  boiling  with  soap. 

Percentage  of  Water  in  Alcohol. — A  simple  test  of  percent- 
age of  water  in  alcohol  is  to  pour  a  little  chloroform  into  a  gradu- 
ated glass  tube,  and  a  given  volume  of  the  spirit  to  be  tested  is 
added,  and  both  well  shaken  up  together.  On  settling,  all  the  water 
will  be  found  to  have  separated  from  the  alcohol  (which  has  com- 
bined with  the  chloroform),  and  may  be  read  off  on  the  graduated 
tube. — Ariizan. 

Explosive  Power  of  Dynamite. — Experiments  with  dynamite, 
under  the  direction  of  M.  von  Arx,  gave  proof  of  its  extraordinary 
explosive  power.  Two  and  a  half  cartridges  detached  a  mass  of  6 J 
cubic  meters  of  hard  rock  in  a  bore-hole  of  I'll  meters  depth  and 
3  centimeters  diameter ;  and  three  and  a  half  cartridges  in  a  hole 
1'32  meters  depth,  loosened  a  mass  of  seventy-one  cubic  meters. 
Vol.  LVIII.—Thikd  Series.— No.  6.— December,  1869.  47 
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New  Mode  of  Sharpening  FUes.— M.  Wedermann's  plan  is 
to  clean  the  files  as  usual,  and  then  place  them  in  connection  with 
the  positive  pole  of  a  battery,  in  a  bath  composed  of  40  parts  of 
sulphuric  acid,  80  parts  of  nitric  acid,  1,000  parts  of  water.  The 
negative  pole  is  formed  of  a  copper  spiral  surrounding  the  files,  but 
not  touching  them;  the  coil  terminates  in  a  wire  which  rises  toward 
the  surface ;  10  minutes  is  generclly  sufficient,  when  they  are  taken 
out  and  washed,  and  then  the  operation  is  repeated,  if  necessary. 

Separation  of  Animal  from  Vegetable  Fibre.— Mr.  James 
Stuart,  of  40  Roperaakers'  Fields,  Limehouse,  has  invented  a  new 
process  for  separating  animal  from  vegetable  fibre.  He  subjects 
the  rags,  carpet-cuttings,  old  carpets,  and  other  waste  material  of 
mixed  fibres,  to  a  solution  consisting  of  100  gallons  of  hot  water, 
100  pounds  of  commercial  sulphate  of  alumina,  and  50  pounds  of 
chloride  of  sodium.  In  this  solution  the  material  is  kept  boiling 
until  the  vegetable  fibre  is  decomposed  or  rotted ;  the  material  is 
then  well  washed  and  dried,  and  scribbled  or  carded. 

Electro-Plating  with  Iron.— C.  M.  Clay  &  Co.,  of  New  York 
City,  have  patented  a  galvano-plastic  process  for  electrotyping  and 
plating  with  iron  from  a  bath  composed  of  the  sulphate  of  iron 
combined  with  the  sulphate  of  ammonia,  potash  or  soda. 

New  Use  for  Glycerine. — Herr  Kolb  proposes  to  add  from  1 
to  3  per  cent,  of  glycerine  to  wine  to  reduce  to  the  smallest  possible 
limits  the  tendency  to  change,  which  all  wines,  from  their  inner 
nature,  possess. 

Quick-Drying  Varnish.— Twelve  parts  of  shellac  and  four 
parts  of  borax,  added  to  one  hundred  parts  of  water,  carefully 
heated  while  the  mixture  is  continually  stirred,  soon  completes  a 
solution  which  is  colorless,  or  brown,  according  to  the  color  of  the 
shellac  employed.  This  solution  forms  a  varnish  perfectly  im- 
permeable to  water,  and  not  acted  upon  by  the  atmosphere.  It 
can  be  used  with  oil-paints,  to  make  them  dry  quickly,  by  adding 
an  equal  part  of  the  varnish,  with  a  little  turpentine,  to  the  oil- 
colors,  and  rubbing  them  together  until  a  homogenous  fluid  mixture 
is  obtained.  This  mixture  dries  in  from  ten  to  fifteen  minutes,  and 
hence  a  small  quantity  must  be  prepared  at  a  time. 

Ornamental  Glass  may  be  produced,  by  vitrifying  variously- 
colored  glass  in  powder  on  the  surface  of  articles  of  glass  or  glazed 
ware,  the  fragments  being  attached  preliminarily  by  some  gummy 
or  other  adhesive  liquid. 
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Chlorate  of  Fotassa  as  a  Blow-Pipe  Test.— In  the  Neus 
Jahrhuhfur  Pharmacie,  M.  Landauer  enumerates  instances  in  which 
chlorate  of  potassa  may  be  made  useful  before  the  blow-pipe.  This 
salt  gives  up  at  higher  temperatures  some  of  its  oxygen  to  certain 
metals,  and  becomes  itself  colored  from  the  oxides  of  those  metals. 
From  iron  and  its  compounds  it  receives  a  flesh  color ;  from  lead  a 
brown ;  from  copper  a  shade  of  light  or  dark  blue,  in  some  cases 
even  so  deep  as  to  be  nearly  black.  Manganese  imparts  a  purple  of 
variable  intensity,  and  nickel  (sesquioxide)  turns  it  to  black. 

Another  Explosive. — "  The  Lithofracteur  "  is  the  name  of  a 
new  explosive  material,  invented  by  Mons.  Krebs,  of  Deutz,  and 
recently  the  subject  of  experiments  on  a  large  scale  at  Cologne. 
The  ingredients  are  kept  secret.  The  advantages  claimed  are 
greater  power  than  nitro-glycerine,  small  production  of  smoke  and 
perfect  safety. 

Great  Telescopes. — M.  De  la  Eue  is  having  a  lens  constructed 
of  13  inches  in  diameter.  Prof.  Henry  Draper  has  very  nearly 
completed  a  new  silvered  glass  reflector  of  28  inches  in  diameter,  the 
largest  of  the  kind  yet  constructed,  except  one  by  Fourcault.  With 
this  instrument  the  original  negatives  of  the  moon  will  be  taken  6 
inches  in  diameter,  with  provision  for  extending  them  to  9J  inches 
if  desirable. 

Prof.  Draper  expects  thus  to  obtain  photographs  of  larger  size 
than  any  that  have  been  produced.  There  is  now  being  erected  at 
Melbourne,  Australia,  a  powerful  reflecting  telescope  4  feet  in  dia- 
meter, of  Cassegrain  form,  which  will  be  supplied  with  the  neces- 
sary apparatus  for  photography  as  well  as  for  spectroscopic  inves- 
tigation. 

Another  Asteroid.— On  the  night  of  the  9th  ult.,  Dr.  C.  H.  F. 
Peters,  the  astronomer,  of  Litchfield  Observatory,  Hamilton  Col- 
lege, discovered  a  new  planet,  the  ninth  to  his  credit. 

Dr.  P.  writes  thus,  the  next  day,  to  the  Uika  Herald:  "A  new 
planet  was  discovered  hero  last  night  about  midnight.  It  belongs 
to  the  asteroids,  and  will  bear  the  number  109  of  that  group.  From 
repeated  measurements  the  position  resulted,  for  half- past  one  o'clock 
fourteen  degrees  and  one  minute  in  right  ascension,  and  nine  de- 
grees thirty-seven  minutes  in  north  declination,  with  a  rapid  motion 
almost  parallel  to  the  equator.  Its  brightness  is  equal  to  that  of  a 
star  of  the  tenth  magnitude,  and  it  has  just  past  its  opposition  with 
the  sun." 
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Lead  Pipes  with  a  Tin  Lining. — A  new  way  of  manufactur- 
ing lead  pipes,  with  a  lining  of  tin,  has  been  devised  by  M.  J.  Grand, 
Jr.  The  object  is  to  run  the  lead  in  the  mould  first,  and  allow  the 
tin  to  follow  while  the  former  metal  is  still  liquid.  A  rapid  move- 
ment of  rotation  keeps  the  two  metals  from  mixing  while  a  perfect 
junction  is  formed  as  they  solidify. 
O  Note  on  the  Supposed  Polarization  of  the  Corpna,— By 
Prof.  E.  C.^ickering. — An  observation  on  this  subject  is  given  in 
my  report  on  page  285  of  the  current  volume  of  this  Journal^  but 
as  the  form  of  the  instrument  used  has  been  in  one  or  two  cases 
misunderstood,  I  enclose  a  sketch  of  it.    A  B  (Fig.  1)  is  a  sheet-iron 

tube,   closed   at   A  with   a 
plate  of  quartz  and  at  B  with 
a  prism  of  Rochon.     The 
latter  has  the  property  of 
giving  two  images  of  any  object  seen  through  it,  separated  by  an 
angle  of  nearly  3°.     Looking  through  the  tube  we  therefore  see 
two  images  of  the  quartz  touching,  but  not  overlapping.     When 
the  light  is  polarized  these  images  assume  complementary  tints, 
which  vary  with  the  plane  of  polarization  and  the  thickness  of  the 
quartz.     On  turning  this  instrument  towards  the  sun  during  total- 
ity, the  images  presented  the  appearance  shown  in  Fig.  2. 

The  hexagons  represent  in  form  and  size  the  plate  of  quartz ;  the 

black  circles  the  moon,  here 
drawn  a  sixth  of  an  inch  in 
diameter,   as   the    scale    is 
about  3°  to  the  inch.     The 
corona  appeared  white,  but 
the  sky  surrounding  it  was 
colored  in  one  image  blue, 
in  the  other,  yellow, — repre- 
sented in  the  figure  by  ver- 
tical and  horizontal  lines.     The  conclusion  to  be  drawn  from  this 
1?,  that  the  light  of  the  corona  is  unpolarized,  or,  more  strictly,  that 
the  amount  of  polarized  light,  if  any,  is  too  slight  to  be  perceptible 
with  this  instrument.     Its  delicacy,  although  not  equal  to  Savart's 
polariscope,  is  very  great,  giving  colored  images  with  paper,  wood 
and  other  bodies  which  reflect  a  small  amount  of  light  specularly. 
The  day  before  the  eclipse  it  showed,  in  a  very  marked  manner, 
the  polarization  of  the  wet  pavements  and  roofs.     To  measure  its 
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sensitiveness,  1  viewed  the  light  reflected  by  a  piece  of  plate  glass, 
at  diflferent  angles  of  incidence,  and  found  that  the  color  ceased  to 
be  visible  when  this  angle  was  about  10°,  which,  allowing  for  the 
reflection  from  the  second  face  would  give  about  one  part  of  polar- 
ized to  twenty-four  of  natural  light. 

Observers  heretofore  have  generally  attached  their  polariscope 
to  a  telescope,  and  thus  introduced  a  source  of  error,  avoided  in  my 
instrument.  For,  light  passing  through  the  object-glass  and  field 
lens,  would  be  polarized  by  refraction  before  reaching  the  polariscope 
by  the  obliquity  of  the  incidence,  caused  both  by  the  curvature  of  the 
surfaces  and  the  fact  that  the  edge  of  the  field  of  view  receives  its  light 
not  parallel  to  the  axis.  The  plane  of  polarization  would  be  perpen* 
dicular  to  a  plane  falling  through  th^  axis  of  the  instrument.  Now,  if 
any  part  of 'the  corona  was  brought  into  the  centre  of  the  field  of 
view,  the  adjoining  portions  would  appear  polarized  in  planes  paral- 
lel to  the  edge  of  the  field,  or  passing  through  the  sun's  centre.  In 
sweeping  around  the  sun's  edge  the  plane  of  polarization  would  con- 
tinually change,  as  the  corona  passed  through  different  parts  of  the 
field,  and  the  comparative  darkness  of  the  moon's  disk  and  the  ex- 
terior sky  prevent  the  polarization  of  the  other  portions  of  the  field 
from  being  visible.  The  degree  of  polarization  by  refraction  would 
be  very  slight  and  perhaps  imperceptible,  but  the  agreement  of  ob- 
servation with  this  hypothesis  is  certainly  a  curious  coincidence. 

The  strongest  argument  against  the  polarization  of  the  corona  is 
furnished  by  the  spectroscope,  the  presence  of  bright  lines  and  ab- 
sence of  dark  ones,  as  observed  by  Prof.  Young,  denoting  incandes- 
cence, a  view  strengthened  by  the  consideration  that  each  square 
centimetre  of  the  surface  of  the  corona  would  receive  several  thous- 
and units  of  heat  per  minute.  I  am  well  aware  that  my  results  are 
at  variance  with  those  obtained  by  previous  observers,  including 
some  of  the  most  eminent  astronomers  of  the  day,  but  as  far  as  I 
can  learn  this  form  of  polariscope  has  not  been  used  for  the  pur- 
pose, and  therefore  hope  that  my  experiment  may  be  repeated  dur- 
ing the  next  eclipse. 

Cause  of  Bright  Line  on  Partial-Phase  Eclipse  Pictures. 
By  Prof.  Henry  Morton. — During  the  progress  of  the  Eclipse  of 
August  7th,  I  observed  on  the  negatives,  taken  during  the  partial 
phase  by  the  section  of  my  party  with  which  I  had  located  myself, 
a  decided  increase  in  the  opacity  of  the  silver  deposit  in  immediate 
contact  with  the  advancing  edge  of  the  moon.     When,  after  our 
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return  to  Philadelphia,  all  the  negatives  taken  by  the  other  two  sec- 
tions were  handed  over  to  me,  I  found  the  same  characteristic  ap- 
pearance, varying  only  slightly  in  degree,  to  distinguish  all  of  them, 
and  this  had,  of  course,  been  noticed  by  those  engaged  in  making 
the  pictures.  In  fact  many  remarks  have  been  made  upon  this 
point,  and  some  deductions  drawn  from  it. 

On  the  paper  prints  prepared  from  these  negatives,  this  local  den- 
sity produced  a  line  of  light  in  contact  with  the  moon's  limb. 

An  appearance  similar  to  this,  had  been  observed  by  Prof.  Alex- 
ander, in  the  photographs  taken  during  the  eclipse  of  1860,  as  also 
by  Mr.  De  la  Rue,  and  while  ascribed  by  Prof.  Challis  and  Prof. 
Alexander  to  a  very  rare  lunar  atmosphere,  had  been  explained  by- 
Mr.  De  la  Rue  and  the  Astronomer  Royal,  as  a  subjective  effect. 

The  Astronomer  Royal  had,  moreover,  shown,  in  papers  published 
in  the  Monthly  Notices  of  the  Royal  Astronomical  Society,  1863, 
Nov.  13,  and  1864,  June  10,  that  no  such  effect  would  be  produced 
by  a  lunar  atmosphere,  were  it  present.  He,  therefore,  very  justly 
discards  such  a  supposition,  and  by  satisfactory  experiments  shows 
that  the  light  line  in  the  prints  under  his  examination  is  an  optical 
illusion  and  not  an  existing  fact. 

These  experiments,  however,  when  applied  to  good  prints  of  our 
pictures,  did  not  show  the  same  result,  and,  beside,  the  actual  opacity 
of  the  negatives  seemed  to  preclude  the  above  explanation  as  one 
accounting  for  the  entire  effect. 

I  therefore  made  the  following  experiment: — I  converted  one  of 
the  solar  pictures,  taken  soon  after  first  contact,  into  a  crescent,  by 
pasting  partly  over  it  a  dark  circular  piece  cut  from  another  print. 
This  showed  a  faint  line  of  light  such  as  results  from  contrast,  and 
which  was  no  doubt  found  in  the  pictures  examined  by  the  Astro- 
nomer Royal.  • 

I  then  had  this  artificial  eclipse-picture  photographed,  (through 
the  kindness  of  Mr.  James  Cremer)  when  negatives  were  produced 
showing  a  dense  deposit  along  the  lunar  edge,  and  giving  prints 
which  showed  a  bright  line  in  the  same  place  far  more  decided 
than  that  seen  in  the  artificial  original. 

It  thus  appears  that  the  effect  observed  in  these  eclipse  pictures, 
while  not  due  to  any  lunar  inflection  of  sunlight,  is  also  not  due  to 
an  optical  effect  of  contrast  solely,  but  is  in  great  part  due  to  a 
chemical  action  which  may  be  explained  by  what  we  know  of  the 
chemical  reactions  concerned  in  the  production  of  a  negative. 
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It  is  well  known  that  the  development  of  a  negative  depends 
upon  the  presence  of  free  nitrate  of  silver  in  the  film,  and  that  a 
great  strengthening  or  intensifying  may  be  produced  by  re-immer- 
sion in  the  silver  bath,  and  a  second  application  of  the  developer. 
Now,  in  the  present  case,  part  of  the  plate  representing  the  dark 
edge  of  the  moon,  and  therefore  not  acted  upon,  furnishes  a  reser- 
voir of  nitrate  of  silver,  imbibed  by  the  collodion  film,  which, 
during  the  development,  penetrates  for  a  short  distance  into  the 
portion  representing  the  luminous  area  of  the  sun  whose  supply  of 
free  nitrate  was  exhausted  by  the  reaction  which  occurred  at  the 
first  moment  when  the  developer  was  applied. 

My  conclusion,  then,  is,  that  while  a  certain  effect  in  the  paper 
prints  is,  and  was  on  former  occasions,  due  to  "  contrast,"  yet  in 
the  present  instance  the  peculiar  appearance  of  the  negatives,  and 
most  of  that  seen  on  the  prints,  is  the  result  of  a  chemical  action 
such  as  I  have  described,  and  does  not  represent  any  celestial  phe- 
iiomenon.  The  appearance  of  a  bright  line  in  the  same  place  which 
has  been  noted  by  several  observers  is,  we  believe,  due  simply  to 
the  contrast  of  the  sharply  defined  lunar  edge,  which  produces  the 
faint  line  above  mentioned,  in  the  artificial  eclipse-picture  before 
described. 


^flitotial  ^tm%^mhut. 


TELLURIUM  ORES  IN  THE  UNITED  STATES. 

Cabinet  of  Practical  Geology  and  Mining^ 
General  Land  Office,  Washington,  D.  C,  Nov,  bth,  1S69. 

Prof.  Henry  Morton^  Ph.  D. 

Sir: — I  take  the  liberty  to  send  the  following  for  publication  in 
the  Journal  of  the  Franklin  Institute, 

All  the  tellurium  minerals  formerly  known  in  mineralogy,  with 
the  exception  of  the  sylvanite  or  graphic  tellurium,  have  been 
found  in  Calaveras  and  Toulumne  counties  of  California,  together 
with  several  new  species— the  calaverite,  a  tetratelluride  of  gold, 
and  the  melonite,  a  sesquitelluride  of  nickel.  Amongst  some  frag- 
ments from  Highland,  Montana  Territory,  sent  to  this  office,  Dr. 
Genth  discovered  a  new  mineral,  the  "  Montanite,"  a  tellurate  of 
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bismuth,  associated  with  the  pure  telluride  of  bismuth  or  tetrady- 
mite.  The  second  variety  of  tctradymite,  that  coutaining  sulphur 
besides  the  tellurium,  has  been  recognized  by  him  on  a  broadly 
foliated  specimen  received  at  this  office  from  *'  Uncle  Sam's  Lode," 
near  Helena,  Montana.  It  is  associated  with  the  new  mineral, 
"Montanite"  quartz,  and  minute  quantities  of  tourmaline;  it  con- 
tains 5  per  cent,  of  sulphur,  corresponding  with  the  formula: 
Bi  Sj  +  2  Bi  Tcj.  The  yellowish  mineral  with  waxy  lustre  (the 
montanite)  is  a  product  of  the  oxidation  of  tetradymite,  and  is  a 
hydrous  tellurate  of  teroxide  of  bismuth.  The  ore  is  very  rich  in 
gold,  and  it  is  claimed  to  yield,  by  assay,  $100,000  per  ton  of  2,000. 

The  native  tellurium  is  distinguished  by  its  nearly  tin-white 
color  and  metallic  lustre.  It  contains  no  silver  and  no  gold.  The 
tellurite  of  gold  and  silver  found  in  the  Stanislaus  mine,  Calaveras  Co., 
California,  exhibits  some  singular  appearances,  dififering,  at  the 
same  time,  from  the  tellurite  of  silver-gold  found  in  Nagyag  and 
Oflfenbanya,  Transylvania,  in  its  physical  and  chemical  properties. 
Both  the  tellurite  of  silver-gold,  and  the  tellurite  of  silver,  contain 
some  silenium.  The  tellurium  reaction  of  that  mineral  on  char- 
coal, and  in  glass  tubes,  is  less  characteristic  than  of  the  like  mine- 
ral from  Transylvania;  but  the  reaction  in  treating  the  ore  in  a 
tube  with  soda  and  charcoal-powder  is  very  intense. 

The  analysis  of  tellurides  of  silver-gold  from  Transylvania,  and 
from  the  Stanislaus  mine,  is  as  follows: — 

Stanislaus  Mine  (Blowpipe  Analysis). 

Telluriam 36»40 

Gold 24-80 

Silver 40  60 

Specific  gravity  from  9  0  to  9  4. 

Transylvania  (Analysis  by  Klaproth). 

Tellurium 60  CO 

Gold 30  CO 

Silver lOGO 

Specific  gravity  from  5  7  to  6  8. 

The  Stanislaus  mine  has  been  worked  to  a  limited  extent,  the 
shaft  being  only  a  little  over  200  feet  deep*  The  ore  is  found  in 
layers  of  quartz,  talcose,  slate,  and  lime-spar,  extending,  sometimes, 
to  a  considerable  width,  and  for  many  feet  in  length,  and  is,  gene- 
rally, very  rich.  Yours,  very  respectfully, 

A.   R.   ROESSLEK. 
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MORTON'S  EJECTOR  CONDENSER. 

[Report  of  Experiments  with  the  Ejector- Condenser  on  engines  at  Albert  Works, 

Glasgow.] 

By  ^V.  J.  Macquorn  Rankink,  C;  E.,  LL.  D.,  F.  R.  S.,  &c. 

In  accordance  with  our  promise  in  tho  last  number,  we  here  re- 
print Prof.  Rankine's  first  report,  to  which  reference  was  there  made. 

(1.)  The  Ejector-Condenser,  invented  by  Mr.  Alexander  Morton, 
was  applied  to  a  pair  of  vertical  inverted  direct-acting  steam  engines, 
which  exerted  collectively  a  power  averaging  about  24  indicated  H.  p. 
The  nominal  power  of  these  engines  is  collectively  7  h.  p.,  if  we  apply 
the  ordinary  rule  for  low-pressure  engines,  or  15  H.  p.  if  we  apply 
the  ordinary  rule  for  high-pressure  engines.  The  dimensions  of 
the  engines  and  of  the  condensing  apparatus,  and  the  results  of  the 
experiments,  are  given  in  detail  in  the  annexed  table;  but  as  regards 
the  engines,  it  may  be  convenient  to  state  here  that  their  two  cylin- 
ders were  of  18-inch  stroke,  and  about  10|^  inches  diameter,  that  they 
ran  at  from  93  to  140  revolutions  per  minute,  and  that  the  steam- 
pressure  gauge  indicated  from  30  to  40  lbs.  on  the  square  inch 
above  the  atmospheric  pressure,  which,  at  the  time,  was  14*75  Ibs. 
on  the  square  inch.  It  maybe  remarked  that  the  experiments 
throw  light  on  other  questions  besides  the  efficiency  of  the  new 
Condenser ;  and,  in  particular,  that  the  accurate  measurement  of  the 
quantity  of  condensation-water,  and  of  its  change  of  temperature, 
aflfbrds  the  means  of  calculating  the  total  expenditure  of  steam,  and 
comparing  it  with  the  quantity  of  steam  effectively  used  in  doing 
work,  as  indicated  by  the  diagrams. 

(2.  The  circumstances  under  which  the  experiments  were  made 
were,  to  a  certain  extent,  unfavorable  to  the  apparatus;  for  the  pipe 
which  supplied  the  tank  from  which  the  cold  water  was  drawn  for 
condensing  the  steam  was  of  too  small  diameter;  and  the  engines 
had,  from  time  to  time,  to  be  stopped,  in  order  that  the  tank  might 
be  re-filled.  It  is  desirable  that  a  second  series  of  experiments 
should  be  made  with  a  cold-water  supply  pipe  sufficient  lo  fill  the 
tank  faster  than  the  condensing  apparatus  empties  it.  The  rate  at 
which  the  cold  water  was  expended  was  ascertained  by  observing 
on  a  vertical  scale  the  rate  at  which  the  level  of  the  water  sank  in 
the  tank  when  the  supply  pipe  was  closed ;  and  in  this  important 
measurement  my  own  observations  were  checked  by  those  of  Mr* 
James  Brownlee. 

(3.)  The  principle  of  the  invention  may  be  described  as  follows; 
In  every  injection-condenser  the  cold  water  rushes  into  the  vacuum 
with  a  velocity  of  43  or  44  feet  per  second,  or  thereabouts.  The 
Vol.  LVIIL— Thikd  Skriks.— No.  6.~-Dbcembeb,  1869.  48 
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exhaust  steam  rushes  from  the  cylinders  into  the  condenser  with  a 
velocity  which  is  many  times  greater  than  that  of  the  water.  In 
the  common  condenser  those  rapid  motions  of  the  water  and  of  the 
steam  are  completely  checked,  and  their  energy  is  wasted  in  agi- 
tating the  fluids  in  the  condenser,  and  ultimately  in  producing  heat; 
and  hence  it  becomes  necessary  to  use  an  air-pump  in  order  to 
extract  the  water,  air,  and  uncondensed  steam  from  the  condenser. 
The  power  expended  in  working  a  well-proportioned  and  well-con- 
structed air-pump  is  known,  by  experiment,  to  be  equivalent  to 
that  which  would  overcome  a  back  pressure  on  the  steam-piston  of 
from  J  lb.  to  |  lb.  on  each  square  inch  of  its  area,  or  on  an  average 
about  0-6  lb.  on  the  square  inch;  and  that  amount  of  power  is  lost 
through  the  wasting  of  the  energy  with  which  the  jets  of  water  and 
steam  rush  into  the  condenser.  In  the  Ejector-Condenser  the  mo- 
tion of  those  jets  meets  with  no  interruption ;  and  its  energy  is  found 
to  be  sufficient,  without  any  assistance  from  pumps,  to  carry  all  the 
water,  air,  and  uncondensed  steam,  if  any,  completely  out  of  the 
condenser  and  into  the  hot  well,  and  thus  to  save  the  power  which 
would  be  required  to  drive  an  air-pump. 

(4.)  The  principal  parts  of  the  condensing  apparatus  on  which 
my  experiments  were  made  maybe  summarily  described  as  follows: 
The  cold  water  passes  from  the  tank  to  a  conoidal  nozzle;  the  area 
of  the  orifice  of  that  nozzle  is  about  equal  to  that  of  the  injection 
sluice  of  a  common  condenser  suited  for  the  same  engine — that  is  to 
say,  about  j  J^th  part  of  the  collective  area  of  pistons.  Enveloping 
the  cold  water  nozzles  are  a  second  and  a  third  nozzle  of  nearly 
similar  figure :  these  bring  the  exhaust  steam  from  the  two  cylin- 
ders respectively.  The  middle  nozzle  has  an  orifice  a  little  larger 
than  that  of  the  innermost,  or  cold  water  nozzle:  the  outermost 
nozzle  ends  in  a  throat  or  contracted  vein,  a  little  larger  still,  beyond 
which  is  a  gradually  widening  trumpet- shaped  mouth-piece  leading 
to  a  pipe  which  ends  at  the  hot  well. 

The  condensation  of  the  steam  takes  place  in  this  interval  be- 
tween the  orifice  of  the  cold  water  nozzle  and  the  throat  of  the 
outermost  nozzle. 

(5.)  The  completeness  and  efficiency  of  the  condensation  were 
tested  by  vacuum  gauges  and  by  indicator  diagrams.  By  both 
means  of  testing,  the  left-hand  cylynder,  which  exhausted  into  the 
middle  nozzle,  showed  a  rather  better  vacuum  than  the  right-hand 
cylinder,  which  exhausted  into  the  outermost  nozzle.  The  average 
results  of  the  whole  of  the  experiments  were  as  follows : — 

Mean  vacuum  shown  by  gauges,  in  inches  of  mercury 24*6 

Do.  do.  in  lbs.  on  the  square  inch 120 

Mean  vacuum  in  cylinders  during  return  stroke,  as  shown  by 
the  indicator  diagrams,  lbs.  on  the  square  inch 10*7 

Which,  being  subtracted  from  the  atmospheric  pressure  at  the 
time 14-76 

Leaves,  as  the  mean  back  pressure  in  the  cylinders  during  the 
return-stroke,  in  lbs.  on  the  square  inch.... , 4'05 
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The  back  pressure,  in  different  experiments,  ranged  between  3 
and  4J  lbs.  on  the  square  inch.  These  results  are  at  least  as  good 
as  the  average  results  as  to  vacuum  and  back  pressure  obtained  by- 
means  of  the  common  condenser;  and  they  show  the  condensation 
of  the  steam  and  expulsion  of  the  water,  air  and  vapor,  to  be  at 
least  as  complete  and  efficient. 

(6.)  1  have  estimated  the  saving  of  power  through  the  dispensing 
with  an  air-pump  as  being  equivalent  to  the  doing  away  with  a  re- 
sistance of  0*6  lb.  per  square  inch  area  of  steam-pistons,  and  I  find 
it  to  be,  on  an  average  of  the  several  experiments,  just  one  horse- 
power: being  about  4  per  cent,  of  the  mean  indicated  power  of  the 
engines. 

I  have  calculated  the  energy  of  the  jet  of  cold  water,  and  I  find 
it  to  be  about  f  of  a  horse-power.  This  forms  the  greater  part  of 
the  energy  which  is  wasted  in  the  common  condenser,  rendering  an 
air-pump  necessary. 

(7.)  The  experiments,  then,  so  far  as  they  have  gone,  lead  to  the 
following  conclusions : — 

First  That  the  action  of  the  Ejector-Condenser  is^t  least  as  effi- 
cient as  that  of  the  common  condenser,  with  its  air-pump;  and 

Secondly.  That  by  the  use  of  the  Ejector-Condenser  the  power 
required  to  di'ive  the  air-pump  is  saved. 

(8.)  I  have  already  mentioned  one  circumstance  in  the  experi- 
ments, which  was  disadvantageous  to  the  apparatus,  viz:  the  insuf^ 
flcient  size  of  the  supply  pipe  of  the  cold  water  tank.  Another 
disadvantageous  circumstance  was  the  absence  of  jacketing  and  of 
superheating;  for,  unless  one  or  other  of  those  means  be  employed, 
a  considerable  quantity  of  steam  condenses  in  the  cylinder  when 
first  admitted,  and  re-evaporates  during  the  return-stroke,  thus  at 
once  carrying  heat  from  the  boiler  to  the  condenser  without  per- 
forming work,  and  injuring  the  efficiency  of  the  condenser,* 

I  have  calculated,  as  the  Tables  show,  the  total  quantity  of  steam 
expended  from  its  effect  on  the  temperature  of  the  condensation 
water,  and  it  proves  to  be,  on  an  average,  about  two  and  a-half 
times  the  quantity  which  performs  work  in  the  cylinder,  as  calcu- 
lated from  the  indicator  diagrams.  When  applied  to  engines  that 
are  free  from  this  defect,  it  may  confidently  be  expected  that  the 
new  condensing  apparatus  will  give,  as  regards  vacuum  and  back 
pressure,  results  surpassing  even  the  very  good  performance  which 
has  been  described. 

*  On  ibis  subject,  reference  may  be  made  to  papers  by  Mr.  Brownlee  and  my- 
self in  the  Transactions  of  the  Institution  of  Engineers  in  Scotland^  for  1860-61. 
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TABLE  OF  EXPERIMENTS 

Made  on  the  21th  day  of  October,  1868,  on  a  pair  of  Engines  at  the  Works  of 
Messrs,  Neilson  Brothers. 

CYLINDXB3. 

Area  of  each,  allowing  for  piston-rods,  about 80  sq.  Ids. 

Stroke I'fi        foot. 

COLD-WATER  NOZZLE. 

Diameter }J^/  =  0-8126'' 

Area 0-688 sq.  in.  =00044asq.  ft. 

WATER  TANK. 

Area 8' X  8*^  =  28  sq.  ft. 

Mean  depth  of  surface  below  level  of  nozzle 5*25  feet. 

WASTE-WATER   NOZZLE. 

Diameter  of  throat Jf^'  =  0-9876'^ 

Area  of  throat.  .<» t...^ 0*690  sq.  in.  =0-00479  »q.  in. 

Diameter  of  mouth-piece S-O-'-' 

Area  of  mouth-piece....;  7-07  sq.  ins.  =0-0491  sq.  feet. 

COLD-WATER  SUPPLY. 

Cubic  feet.       Pounds. 
Mean  rate  of  flow  per  minute 28'  X  0*41  =  11  -48     =716-4 

Mean  rate  of  flow  per  second 0-1918=   11-94 

Velocity  of  cold  water  through  nozzle,  feet  per  second.  J: ^^^^j  =  43-2 

Feet.        Lbi.  per  iq.  in. 

Head  duo  to  that  velocity 29  =12-57 

Add  mean  height  to  which  water  is  lifted 5*25     =  2-276 


Total  head 34-25     =  14-845 


Temperature 47^  Fahr.. 

Mean  work  per  minute  done  in  raising  and  propel- 
ling water-jet,  exclusive  of  friction. .  .716*4  X  84-25  =  24537  ft.  lbs. 

=  0-744  I.  H.  p. 

BAROMETER. 

80-05  inches  mercury  =3 14-75  lb.  on  the  square  inch. 
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BETS  OV  BXPBKIMENTS. 

A 

B 

C 

b 

E 

'Vnfl    ftf  HiftirrAnriR 

Bight  Han 

1 
130 

{  " 

48-76/ 

r  12  08 

\  11-54 

/    2-72 

\    8-21 

4-25 

10-76 

42-76 

1525 

19-50 

86-5° 

39-5« 

28298 

390 

1220 

476800 

961600 

28 

1288 

29531 
0042 

433 
36 

124 

197° 

1087 

13479 

1  Cylinder. 

f    2-3 
1    4-6 
93 
from  82 
to  88 
fr.  46-75 
to  62-76 
12-4 
12-1 
2-85 
2-66 
812 
10-80 
38-25 
14-88 
17-96 

80-6<> 

33-50 

23999 
279 
1186-4 

331006 

662012 

20 

868 

24857 
0  035 

310 
35 

8-9 

197*' 

1093 

9728 

23999 

220 

2-47 

26784 
081 

Led 

6 
abt.140 

b  Hand  CjUm 

7-8 

107 
35 

49-75 

12-3 
11-8 

2-46 

2-95 

4-38 
1200 
42-76 
16-78 
21-16 

880O 

41  0° 

29872 
321 
1342-4 

430910 

861820 

26 

1116 

30488 
0037 

357 
32 

11-2 

202° 

1086 

12163 

29372 

270 

1      • 
2-41 

i 

30816 
0-93 

tor. 

9 

108 

from  40 

to  80 

Kevolutions  pep  minute 

ateam-gauge  above  atmosph., 
lbs.  on  the  square  inch 

Do.  do.,  absolute 

,,, 

fr.  64-75 

Vacuum-gauges  bel.  atmosph., 
lbs.  on  the  square  inch* 

to  44  75 

Do.  do.|  absolute t 

4-50 
8  76 

32-76 
9-86 

14-35 



""*'420'' 

788 

330960 

661920 

20 

868 

4-00 

'     10-60 

42-75 

Absolute  pressure  of  release.... 
Initial  absolute  pressure 

M^An  AffflctivA  prASSiiro.  ,.-„^,^, 

16  90 

Mean  absolute  pressure 

19-90 

Temperature  of  waste  water, 
CFahrenheit^ 

91-0° 

Elevation  of  temp.,  above  cold 
water.... 

44-0° 

Heat  carried  off  by  water,  Bri- 
tish units  per  minute. 

81522 

Velocity  of  pistons,  ft.  per  min. 
liOad  of  one  piston,  lbs 

324 
1272 

Indicated  work,  one  cylinder, 
ft.  lbs.  Der  minute 

412128 

Do.  do.,  two  cylinders 

824256 

Indicated  horsepower .„ 

25 

Indicated  work  per  min.  re- 
duced to  equivalent  quantity 
of  heat 

1068 

Total  expenditure  of  heat,  Bri- 

tish  units  per  minute 

Efficiency  oi  engines 

32590 

0-033 

Volume  of  steam  exhausted,  as 
shown  by  indicator,  in  cubic 
feet  per  minute 

467 
43 

10-9 

187° 

360 

Volume  of  1  lb.  in  cubic  feet. . 

Weight  of  steam  shown  by  in- 
dicator in  lbs.  per  minute.... 

Temperature  of  steam  at  end  of 
stroke  (Fahrenheit)..... 

36 
100 
196° 

Total  heat  per  lb.  of  that  steam 
from  temp,  of  waste  water... 

Heat  of  condensation  of  steam 
indicated 

1082 

10820 

Heat  carried  off  by  waste  water 
(as  before) 

28298 

31622 

Actual  expenditure  of  steam  in 
lbs.  per  minute,  as  calculated 
from  the  heat  of  waste  water. 

26  0 

29-1 

Proportion  in  which  steam  ac- 
tually condensed  exceeds  in- 
dicated steam 

210 

i 

1     37440 

1     113 

40320 
1-22 

2  91 

Work  in  ft.-lbs.  per  min.  saved 
by  dispensing  with  the  air- 
pump,  estimated  as  equiva- 
lent to  0*6  lb.  pressure  per  sq. 
inch  of  steam  piston 

31104 

Do.,  indicated  horse  power 

0-94 

*  Vint  reiolt  is  for  left  hand,  and  second  result  for  right  hand  engine. 
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ABSTRACT  OP  PRINCIPAL   MEAN   RESULTS. 

Mean  power  saved  by  dispensing  with  air-pump,  indicated  h.  p.    1-0 

Mean  indicated  h.p.  of  engines 28-8 

Mean  back  pressure  in  cylinders,  lbs.  on  the  sq,  inch 4  06 

Mean  vacuum  in  cylinders,  do  cLo       10-7 

Mean  vacuum  shown  by  gauges,        do  do       12-0 

Do.  do  do        in  inches  of  mercury 24-6 

About  two-thirds  of  the  indicated  power  were  due  to  the 
vacuum  in  the  cylinders. 

Temperature  of  the  cold  water » 47®    F- 

Mean  temperature  of  waste  water 83J**  F. 

Mean  increase  of  temperature 36J®  F. 

The  Condenser  was  about  5  feet  above  the  tank  from  whence  the 
water  was  drawn,  so  that  the  water  had  to  be  lifted  to  that  extent 
In  calculating  the  pressure  due  to  the  velocity  plus  that  of  5  feet 
of  water,  the  sum  was  found  to  be  a  little  greater  than  the  atmo- 
spheric pressure  of  14-75  lb.  upon  the  inch.  This  must  have  been 
caused  by  the  impulse  of  the  steam  aiding  the  atmospheric  pressure 
in  accelerating  the  jet. 

(Signed)    W.  J.  MACQUORN  RANKINE. 


BELTING  FACTS  AND  FIGURES. 

By  J.  H.  CoopEB. 
(Continued  from  page  816.) 

We  take  pleasure  in  presenting  the  following  facts  contributed 
by  Alexander  Bros.,  manufacturers  of  Oak-Tanned  Leather  Belting, 
412  North  Third  Street,  Philadelphia. 

"It  is  conceded  by  all  practical  men,  that  oak-tanned  slaughter 
leather  is  the  best  material  for  belting,  and  as  inferior  stock  such 
as  chemical  tanned  and  hemlock  leather,  colored  in  imitation  of  oak, 
by  means  of  quercitron,  sumac,  &c.,  is  largely  used  in  the  manu- 
facture of  belting,  purchasers  should  be  cautious,  in  buying,  not 
to  get  any  but  pure  oak-tanned  leather. 

"  The  strongest  part  of  belt  leather  is  near  the  flesh  side,  about 
one- third  the  way  through  from  that  side.  It  is,  therefore,  desir- 
able to  run  the  grain  side  on  the  pulley,  in  order  that  the  strongest 
part  of  the  belt  may  be  subject  to  the  least  wear. 

"  In  order  to  prove  the  above  assertion  we  split,  in  our  machine, 
a  strip  of  ordinary  belt  leather  exactly  in  the  middle  of  its  thickness, 
and  then  subjected  each  half  to  a  breaking  tension,  which  gave  the 
following  results: — Grain  side  half  broke  under  a  direct  strain  of 
468J  lbs.    Flesh  side  half  sustained  740J  lbs. 

A  part  of  the  grain  side  half  is  of  the  same  kind  of  fibre  as  that 
of  the  flesh  side,  and  as  the  "grain"  extends  but  about  one-fourth 
the  way  through  a  hide,  much  of  the  strength  of  the  grain  half  in 
this  experiment  is  due  to  the  flesh  part  adhering  to  it. 
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"The  flesh  side  is  not  liable  to  crack,  as  the  grain  sometimes  will 
do  when  the  belt  is  old,  hence  it  is  better  to  crimp  the  grain  than 
to  stretch  it. 

"Another  important  reason  for  running  belting  with  the  grain  side 
on  the  pulley,  is  to  get  greater  driving  power,  that  being  the  smooth- 
est side,  it  will  hug  closer,  is  less  liable  to  slip,  and  will  drive  30 
to  35  per  cent,  more  than  if  run  the  other  way,  and  if  the  pullev  is 
covered  with  leather,  grain  side  out,  there  will  be  still  greater  fric- 
tion. Therefore  a  belt  will  do  more  work  and  wear  longer  on  a 
leather  covered  pulley  than  on  any  other. 

"Belts  should  not  be  soaked  in  water  before  oiling,  and  penetra- 
ting  oils  should  but  seldom  be  used,  except  occasionally  when  a 
belt  gets  very  dry  and  husky  from  neglect,  it  may  be  moistened  a 
little  and  then  have  straits  or  neats-foot  oil  applied.  Frequent  ap* 
plications  of  such  oils  to  a  new  belt  renders  the  leather  soft  and 
flabby,  thus  causing  it  to  stretch  and  making  it  liable  to  run  out  of 
line.  A  composition  of  tallow  and  oil,  with  a  little  resin  or  bees- 
wax, is  better  to  use.  Whitaker's  castor  oil  dressing  is  good,  and 
may  be  applied  with  a  brush  or  rag  while  the  belt  is  running." 

We  select  the  following  from  the  excellent  practical  treatise  on 
Mill  Gearing^  by  Thomas  Box,  published  by  E.  &  F.  N.  Spon. 
London.  1869. 

"In  the  table  below,  the  cases  of  failure  are  particularly  instruc- 
tive; column  11  shows  that  in  all  the  cases  failure  might  have  been 
expected.  Thus,  No.  1  required  a  lOJ-inch  double  leather  belt, 
where  a  6-inch  gutta  percha  one  failed  to  do  the  work.  In  No.  2 
a  larger  pulley  was  substituted,  a  7-inch  double  leather  belt  should 
have  been  used,  and  the  6-inch  gutta  percha  one  did  the  work  badly. 
No.  4  failed  with  a  9-inch  single  belt  to  do  the  work  for  which  a  14 
inch  single  or  a  7-inch  double  belt  was  required.  No.  6  required 
a  10-inch  single  or  a  5-inch  double  belt,  and  failed  to  do  the  work 
with  a  6-inch  single  belt.  No.  8  required  a  13-inch  single  or  6J- 
inch  double  belt  and  failed  with  an  8-inch  single  belt.  It  will  be 
observed  that  in  cases  Nos.  1  and  11  the  difficulty  was  overcome 
by  using  larger  pulleys;  and  in  cases  No.  4,  6  and  8  by  converting 
the  single  belt  into  a  double  one.  Circular  saws  and  some  other 
kinds  of  machinery  require  extra  strength  of  belt,  as  shown  by  No.  18. 

"  The  rules  and  tables  we  have  given  apply  strictly  to  leather  belts 
only ;  leather  is  in  every  way  the  best  material,  and  is  not  likely  to 
be  permanently  superseded  by  the  new  materials, — gutta  percha, 
India  rubber,  &c. 

"  The  table  shows  that  the  power  of  a  gutta  percha  belt  ^%  or  f 
inch  thick  is  from  25  to  50  per  cent,  greater  than  that  of  a  single 
leather  one.  We  found  in  practice  that  leather  belts  bear  about 
310  lbs.  per  square  inch  of  section,  and  we  may  allow  that  gutta 
percha  will  bear  about  400  lbs.  From  direct  experiments  the 
cohesive  strength  of  gutta   percha  is  15  cwt.   or  1682  lbs.   per 
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square  inch,  as  shown  by  subjoined  table,  which  also  gives  the  ex- 
tensions by  different  weights.  It  will  be  observed  that  with  weights 
greater  than  3  cwt.  per  square  inch  the  extensions  increase  rapidly, 
showing  that  the  material  is  overstrained.  The  table  gives  the 
mean  result  of  two  experiments. 


Strain  per 

square  inch 

in  cwts. 

Length. 

1 
Extension 
per  cwt. 

Strain  per 

square  inch 

in  cwts. 

Length . 
MOO 

Extension 
per  cwt. 

1 

1-007 

•007 

9 

-01 U 

2 

1014 

•007 

10 

1120 

•012 

8 

1021 

•007 

11 

1-142 

•013 

4 

1029 

•00726 

12 

1182 

•0152 

6 

1-040 

•008 

13 

1-210 

•0161 

6 

1051 

•0085 

14 

1-266 

•0190 

7 

1064 

-00914 

15 

1.287 

•0192 

8 

1-076 

•00987 

No.  15 
broke. 

BLACKFRIARS  BRIDGE. 

We  take  from  Engineering  the  following  interesting  account  of 
this  work,  just  finished.  After  describing  the  history  and  final 
decrepitude  of  the  former  bridge,  the  author  says  : — 

"  The  corporation  of  the  city  determined  upon  removing  the  old 
bridge  altogether,  and  replacing  it  by  one  which  should  lack  nothing 
in  convenience  and  magnificence. 

"  The  necessary  measures  having  been  taken  for  sanctioning  this 
step,  the  corporation  invited  the  submission  of  competitive  designs; 
and,  at  first,  that  prepared  by  Mr.  Thomas  Page  was  selected,  after 
a  long  discussion  upon  the  design  of  Mr.  Brunlees,  which  was 
warmly  advocated.  Mr.  Page's  design  was  for  a  bridge  of  three 
spans,  with  two  piers,  and  would  have  been  a  far  nobler  work  than 
even  his  bridge  at  Westminster.  Subsequent  to  this  decision,  it 
was  considered  advisable  to  adopt  a  bridge  with  five  arches,  corre- 
sponding to  the  number  of  openings  in  the  adjoining  bridge  of  the 
London,  Chatham  Kailway  Company.  Upon  this  Mr.  Page's  design 
was  abandoned  in  favor  of  the  one  by  Mr.  Cubitt,  which  was  finally 
accepted,  the  estimate  being  £269,000.  Three  hundred  thousand 
pounds  has  been  raised  for  this  purpose  out  of  the  Bridge  House 
Estates,  the  property  left  in  ancient  times  for  the  maintenance  of 
old  London  bridge,  and  which  had  been  augmented  by  land  pur- 
chased in  the  reign  of  Edward  VI.,  in  St.  George's  Fields  as  well  as 
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by  the  subsequent  additions  in  the  City  of  London,  Southwark  and 
the  eastern  suburbs  of  the  metropolis. 

"  On  the  11th  of  August,  1863,  the  first  pile  of  the  temporary 
bridge  was  driven,  and  within  eight  months  the  structure  was 
completed.  It  is  a  magnificent  work  of  its  class,  and  reflects 
the  highest  credit  upon  its  designer,  Mr.  F.  W.  Bryant,  the  con- 
tractor's engineer.  The  bridge  was  built  in  two  floors  or  storys, 
so  as  to  afford  the  greatest  accommodation  to  carriages  and  foot- 
passengers,  with  the  least  expenditure  of  space  and  material.  The 
structure  is  290  feet  in  length,  and  the  foot-waya  are  16  feet  abo\  e 
the  level  of  the  carriage-road.  The  lower  floor  (26  feet)  is  the  same 
width  as  the  carriage-road  of  the  old  bridge;  the  footways  above 
are  each  9  feet  wide,  or  2  feet  greater  than  the  sidewalks  of  the  old 
bridge.  With  the  exception  of  the  three  70-feet  openings  for  the 
accommodation  of  the  navigation,  which  are  spanned  by  wrought- 
iron  girders  6  feet  deep;  the  whole  structure  is  of  timber.  About 
800  piles  support  the  platform,  placed  18  feet  apart,  longitudinally, 
and  7  feet  apart  transversely,  the  whole  being  braced  and  strutted, 
until  the  bridge  represents  a  perfect  forest  of  timber.  In  conse- 
quence of  the  high  level  of  the  footways,  the  approaching  gradients 
were  necessarily  heavy  for  the  upper  story  traflftc,  being  1  in  10  on 
each  side  of  the  bridfge.  The  gradients  for  the  carriage-way  ap- 
proximated to  that  of  the  new  bridge,  namely,  1  in  40.  For  five 
years  this  work  has  admirably  performed  its  duties,  and  would,  of 
course,  continue  so  to  do  for  a  lengthened  period.  Its  annual  cost 
of  maintenance  has  been  about  £980. 

On  the  8th  of  June,  1864,  old  Blackfriars  bridge  was  closed,  the 
traffic  was  permanently  diverted,  and  the  work  of  demolition  went 
on  immediately  and  with  rapidity,  the  masonry  being  first  broken 
on  the  second  arch  from  the  Surrey  side.  The  staging  and  general 
plant  for  this  portion  of  the  work  had  necessarily  for  the  most  part 
to  be  available  afterwards  for  the  re-erection,  and  its  design,  there- 
fore, presented  unusual  difficulties.  A  row  of  piling  was  driven 
on  each  side  of  the  old  bridge,  and  about  110  feet  apart  transversely, 
a  third  row  being  carried  midway  on  the  bridge  itself,  thus  reducing 
the  bays  to  55  feet.  Amply  strutted  and  tied  together  these  piles 
supported  on  their  upper  ends,  and  at  a  height  of  58  feet  above  low 
water,  longitudinal  timbers  which  carried  rails  of  40  pounds  to  the 
yard,  and  upon  which  the  travelers  ran  to  and  fro.  The  gantry 
thus  erected  had  a  breadth  about  30  feet  greater  than  the  width  of 
the  new  bridge,  so  that  not  only  could  that  structure  be  constructed 
within  its  limits,  but  ample  room  was  left  for  the  transference  of 
material  from  the  lighters  to  their  ultimate  positions.  As  the  work 
of  demolition  proceeded  the  central  piles  were  gradually  lengthened 
from  below  until  they  ultimately  took  their  bearing  in  the  river- 
bed. Tl\e  steam  travelers,  which  had  a  clear  span  of  about  55  feet, 
were  supported  at  the  ends  by  the  carriage  which  ran  upon  the 
gantry.    They  consisted  of  two  wrought  iron  girders,  between 
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-which  a  shaft  ran  from  end  to  end,  and  carried  gearing  which  actu- 
ated the  wheels  of  the  travelers,  being  driven  by  a  horizontal  engine 
and  vertical  boiler.  The  upper  flange  of  the  traveler  girders  car- 
ried rails  upon  which  ran  a  small  carriage  fitted  with  pulleys  over 
which  chains  were  passed  from  below  to  a  drum  worked  by  the 
engine  before  mentioned.  Within  three  months  from  the  com- 
mencement of  the  work,  the  extensive  staging  was  completed  and 
the  bridge  well  nigh  demolished,  in  which  operation  the  stones  were 
detached  one  by  one,  picked  up  by  the  travelers,  from  which  they 
were  transferred  upon  lighters,  a  secure  centering  having  been  fixed 
beneath  each  arch  before  it  was  touched. 

The  contract  undertaken  b^  Messrs.  Thorn  &  Co.,  extended  from 
the  north  abutment  of  the  bridge  to  180  feet  along  Chatham  Place, 
and  on  the  southern  side  from  the  face  of  the  abutment  to  170  feet 
along  Albion  Place. 

The  following  are  the  dimensions  of  the  clear  openings  and  the 
width  of  the  piers : — 

From  face  of  north  abutment  to  No.  1  pier,  155  feet. 

«•  **      No.  1  pier  •<    No.  2     "      174  feet  5  inches. 

•«  «*      No.  2    "  '  "    No.  8     »»      186    "    5      '* 

it  .(      No.  8     *<  "    No.  4     "      174    «*    6      *• 

**  "      No.  4  face  of  earth  abutment,     155    **    0      " 

Width  of  No.  1  pier 18  feet  2  inches. 

"        No.  2    '*  20    **    6       * 

"        No.  3     "  20    "    6      ** 

"        No.  4     •*    18    "    2      " 

The  new  approaches  join  the  existing  road  levels  at  the  points  of 
the  commencement  of  the  contract.  At  each  end  of  the  bridge  on 
the  north  side,  the  road  is  made  in  a  concave  curve,  with  an  average 
rise  of  1  in  43*40.  On  the  south  side  the  approach  is  likewise  on 
a  concave  curve,  with  a  rise  of  1  in  40.  These  gradients  change 
about  120  feet  from  the  face  of  the  abutments  on  both  sides,  and 
the  road  surface,  the  cornices,  and  the  parapets  follow  a  curve  of 
68,450*5  feet.  At  370  feet  on  each  side  of  the  abutment  this  curve 
again  changes,  and  joins  in  a  curve  of  3992  feet.  To  follow  this 
varying  curve  of  the  roadway,  and  to  give  the  central  rise  of  the 
bridge  in  accordance  with  the  design,  the  levels  of  springing  of  the 
arches  change  with  each  span  to  the  centre  as  follows : 

At  the  abutment*  the  springing  level  is  6       feet  above  T.  H.  W. 
Atthe  1st  pier  *'        "  "        6-31    "        »*  *» 

At  the  2d     **  '*        **  **        906    "        '*  *' 

The  rise  and  clear  headway  above  high  water  of  the  several  spans 
are  as  follows : 

Rise  Clear  Headway. 

Feet.     Inches.  Feet.     Inches. 

Ist  opening 11  7J  17  8 

2d        »'       in  lOi  21  6 

3d        «*       15  Hi  25  0 
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Each  pier  was  enclosed  by  a  series  of  dolphins  connected  by 
boons,  which  extended  from  above  the  new  bridge  on  the  north 
side  and  round  the  cylinders  of  the  London,  Chatham  and  Dover 
Railway  Bridge  down  the  river.  A  part  only  of  this  work  was  in- 
cluded in  the  contract  of  Messrs.  Thorn  &  Co.  The  dolphins  were 
framed  with  three  and  four  piles  according  to  their  position.  Those 
of  three  piles  were  of  13  inches  X  13-inch  timbers,  with  crossed 
bracings  13  inches  X  6 J  inches,  bolted  with  1\  inch  bolts.  From 
top  to  bottom  f  inch  diameter  chains  extended,  upon  which  the 
booms  were  free  to  move.  The  booms  were  of  four  squared  tim- 
bers 2  feet  1  inch  on  a  side,  bolted  together  by  1 J  inch  bolts,  the 
heads  and  nuts  of  which  were  countersunk  into  the  timber. 

The  cofferdams  of  the  abutments  consisted  of  two  tiers  of  sheet 
piling,  of  which  the  timbers  were  13  inches  square,  having  a  space 
of  5  feet  in  width  between  the  inner  and  outer  row.  The  latter 
consisted  of  short  piles,  the  heads  of  which  extended  only  a  short 
distance  above  the  ground,  and  were  driven  down  into  the  clay. 
The  inner  rows  reached  to  a  little  above  high  water,  and  were 
•  driven  to  a  depth  of  about  37  feet  below  Trinity  high  water  mark. 
The  space  between  these  two  rows  was  well  packed  with  puddle, 
and  the  inner  iuclosure  contained  an  area  110  feet  long  by  50  feet 
wide.  This  area  was  divided  longitudinally  into  seven  bays  by 
horizontal  struts,  which  abutted  upon  a  central  row  of  piles,  that 
were  driven  at  equal  intervals  along  the  whole  length  of  the  coflfer- 
dam.  There  were  three  rows  of  these  horizontal  struts,  from  front 
to  back  of  the  dam,  and  three  rows  at  similar  levels  extended  up 
and  down  its  length.  This  arrangement  of  dam  applied,  however, 
only  to  the  southern  abutment,  the  northern  having  been  built  in  a 
single  dam. 

At  the  rear  of  the  dam  the  earth  was  sustained  by  a  row  of  sheet 
piling,  kept  in  place  by  the  system  of  strutting.  The  joints  between 
the  main  piling  of  the  dam  were  caulked  to  a  depth  of  16  feet  below 
high  w\ater,  and  after  the  completion  of  the  work  the  outer  row  of 
short  piles  were  drawn  and  the  inner  row  cut  off  near  the  ground. 

The  method  pursued  in  the  construction  of  the  piers  presented 
many  features  of  novelty,  and  has  been  generally  described  already 
in  our  columns.  Each  pier  stands  upon  six  independent  caissons 
of  wrought  iron,  four  of  which  are  rectangular,  and  the  two  inner 
ones  are  curved  to  correspond  with  the  contour  of  the  cutwater, 
beneath  which  they  are  placed.  In  the  middle  piers  the  caissons 
are  of  larger  size,  but  the  construction  is  identical  throughout.  The 
lower  or  permanent  sections  of  the  cutwater  caissons  are  made  with 
an  outer  iron  skin  varying  from  f  inch  at  the  bottom  to  J  inch  at 
the  top,  two  of  the  sides  being  curved  to  the  outline  of  the  cutwater 
with  a  radius  of  24  feet  8  inches,  the  other  or  inner  side  being  flat. 
The  skin  is  stiffened  by  vertical  rolled  I-irons  6  inches  deep,  and 
placed  at  intervals  of  2  feet.  These  also  serve  as  a  means  for  join- 
ing the  outer  skin,  the  plates  of  which  are  secured  to  them.     The 
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whole  is  strengthened  by  horizontal  curbs,  placed  4  feet  apart  in 
the  upper  part  of  the  caisson  and  2  feet  apart  at  the  bottom.  In  the 
cutwater  caissons  the  curb  is  made  of  three  girders,  two  curved  to  the 

? roper  form  and  18  inches  deep,  and  one  straight  girder  2  feet  deep, 
'he  ends  of  all  the  girders  are  mitred  so  as  to  unite,  and  are  joined 
at  each  angle  by  one  inch  bolts,  a  space  being  left  in  each  case  to 
admit  the  introauction  of  a  hard  wood  packing.  In  the  rectangular 
caissons,  which  are  18  feet  wide  by  36  feet  long,  the  construction 
is  similar ;  the  curbs  are,  however,  only  18  inches  deep,  and  con- 
sist, like  the  others  of  ordinary  plate  girders,  the  top  and  bottom 
flanges  of  which  are  9  inches  X  J  inch,  with  angle  irons  4  inches  X 
4  inches  by  J  inch,  and  the  web  \  inch  thick;  the  latter  are 
strengthened  by  angle  iron  stiffeners  2  J  inches  X  2  J  inches  X  \ 
inch,  placed  at  intervals.  Midway  of  the  greater  length  of  these 
caissons  was  placed  a  lattice  stiffening  girder,  13  feet  8  inches  long 
and  three  feet  deep.  The  top  and  bottom  flanges  are  of  angle  iron 
4  inches  X  4  inches  by  J  inch,  and  the  lattice  bars  are  also  angle 
irons.  As  at  the  junction  of  the  curb-girders  a  space  was  left  for 
packing  at  the  ends  of  this  stiffening  girder.  The  curbs  were  se- 
cured in  place  with  wrought  iron  clips  on  one  side  of  the  flange, 
and  cast  iron  blocks  on  the  other,  or  a  length  of  timber  was  sub- 
stituted for  the  latter,  which  is  driven  between  the  flange  of  the 
curb  and  an  angle  iron  above.  At  the  bottom  the  caissons  are  stiff- 
ened with  a  plate  and  angle  iron  4  inches  X  4  inches  X  J  inch,  riv- 
etted  to  the  outer  skin  8  inches  from  the  lower  edge,  a  second  angle 
iron  of  the  same  dimensions  being  secured  to  the  I  beams,  which 
are  chamfered  off  to  a  sharp  edge  at  the  ends.  The  height  of  the 
lowest  section  of  the  caissons  is  18  feet,  that  of  the  upper  and  tem- 
porary lengths  was  7  feet.  At  the  union  of  the  difterent  lengths  a 
water-tight  joint  was  secured  in  the  following  manner.  The  top  of 
the  lower  length,  and  the  bottom  of  the  one  superimposed  on  it, 
were  made  with  sills  of  angle  iron  4  inches  X  4  inches  X  J  inch ; 
to  these  were  secured  plates  with  rounded  corners,  the  surfaces  of 
which  were  truly  planed.  Two  thicknesses  of  india  rubber  were 
then  laid  upon  the  planed  plate  on  top  of  the  bottom  length,  and 
the  corresponding  plate  of  the  upper  length  took  a  fair  bearing 
upon  the  rubber.  Bolts,  f  inch  in  diameter  and  12  inches  apart, 
fastened  the  lengths  of  the  caisson  together  through  the  angle  irons. 
Mallet's  buckled  plates  were  used  in  the  upper  temporary  lengths 
of  the  caissons  instead  of  the  flat  plates  employed  below ;  these 
were  ^^  inch  thick,  and  formed  the  only  important  difference  in 
construction  to  the  lower  sections.  The  six  caissons  forming  the 
foundations  of  each  pier  were  placed  in  position  with  an  interval 
of  3  feet  between  each,  and  they  were  lowered  in  the  following 
manner:  Guiding  piles  were  first  driven,  and  then  by  aid  of  the 
overhead  traveler  the  caisson  was  lowered  into  its  proper  place 
until  its  cutting  edge  rested  on  the  bottom  of  the  river.  The  ground 
enclosed  within  the  area  was  then  excavated,  and  by  weighting  the 
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caisson  was  gradually  forced  into  the  ground.  As  soon  as  the  clay 
was  reached,  leakage  from  the  river  into  the  caisson  ceased,  and  the 
latter  being  drained  by  Woodford's  centrifugal  pumps,  the  work 
of  excavation  was  carried  on  until  the  ultimate  depth  was  reached, 
and  the  caisson,  by  protracted  loading,  took  its  final  bearing.  It 
was  expected  before  the  commencement  of  the  work  that  the  cais- 
son would  have  to  be  sunk  to  an  average  depth  of  about  47  feet 
below  T.  H.  W. ;  but  in  the  case  of  the  No.  1  pier — that  nearest 
.  the  Middlesex  shore — it  was  found  that  ground  into  which  the 
caisson  had  to  be  lowered  had  been  scoured  out  so  deeply  by  the 
action  of  the  Fleet  that  unforeseen  difficulties  arose,  and  the  depfti 
of  the  caisson  had  to  be  greatly  increased,  to  the  considerable  de- 
lay of  the  work.  In  No.  2  pier  the  permanent  portion  of  the  cais-  ■ 
son  is  23  feet  high,  and  it  is  filled  in  to  a  depth  of  15  feet,  with 
concrete  in  cement,  upon  which  is  placed  8  feet  of  brickwork,  also 
set  in  cement.  In  the  other  piers  the  permanent  portions  of  the 
caissons  are  18  feet  high,  the  concrete  filling  10  feet  thick,  and  the 
brickwork  8  feet  as  before.  In  all  cases  the  upper  edge  of  the 
caissons  which  now  are  incorporated  in  the  bridge  is  4  feet  below 
low  water,  and  in  the  course  of  construction,  when  the  brickwork 
within  the  caisson  was  carried  up  to  the  top  surface,  small  pile  and 
puddle  dams  were  placed  across  each  3  feet  space  between  the  dif- 
ferent sections,  the  ground  dredged  out  to  the  level  of  the  bottom 
of  the  foundation,  the  void  being  filled  with  concrete  in  cement,  an 
uninterrupted  area  was  obtained,  upon  which  the  masonry  of  the 
piers  was  laid,  the  movable  portions  of  the  caissons  being  removed 
piecemeal  as  the  work  proceeded. 

The  abutments  are  founded  upon  concrete  of  varying  thickness, 
according  to  the  nature  of  the  ground.  On  the  top  of  the  concrete 
at  the  face  of  the  abutment  is  placed  3  feet  of  brickwork,  above 
which  rise  the  courses  of  the  granite  facing,  the  front  of  the  abut- 
ment being  built  with  a  curved  batter  of  radius  of  200  feet.  At 
the  point  of  the  arch  springing  the  thickness  of  masonry  and  brick- 
work is  12  feet  backed  with  30  feet  of  concrete.  The  brickwork 
itself  is  strengthened  by  counterforts  18  feet  deep  and  8  f^et  wide. 
The  granite  used  in  the  abutments,  and  indeed  throughout  the 
bridge,  is  remarkable  for  the  evenness  of  its  color  and  texture,  and 
the  size  of  its  blocks.  The  greater  part  was  obtained  from  the  De 
Lank  quarries  near  Bodmin,  in  Cornwall,  and  is  the  same  material 
as  the  largest  blocks  in  the  Southern  Thames  Embankment.  About 
150,000  feet  were  used  in  the  abutments  and  piers,  and  principally 
in  blocks  of  great  size,  80  of  them  varying  from  12  to  20  tons  in 
weight,  and  some  200  of  them  from  6  to  10  tons.  There  are  eight 
courses  in  the  abutments  to  the  springing  of  the  arch,  two  3  feet 
8  inches  deep,  two  2  feet  5  inches,  and  the  rest  2  feet.  The  skew- 
backs  are  6  feet  in  two  courses,  the  stones  of  which  are  cramped 
with  double  cramps  at  each  joint,  and  joggle-jointed  to  the  courses 
above  and  below  them.     The  main  pedestal  of  the  abutment  is  sqx« 


Digitized  by  VjOOQ IC 


Blackfriars  Bridge.  391 

rounded  with  a  granite  blocking  course  2  feet  3  inches  thick,  and 
the  level  of  which  is  38  feet  6  inches  above  Trinity  High  "Water. 
Upon  this  it  was  intended  to  place  the  elaborate  bronze  statuary, 
which  formed  a  conspicuous  feature  in  the  original  design,  but 
which,  from  motives  of  economy,  the  Corporation  think  it  advisable 
not  to  proceed  with  at  present.  Beneath  the  blocking  course  of  a 
highlycarved  capital  of  Portland  stone  forms  a  highly  ornate  fea- 
ture in  the  abutment ;  it  is  5  feet  3  inches  deep,  and  rests  upon  the 
granite  pedestal.  Subsidiary  capitals  of  the  same  character  crown 
the  piers,  against  which  the  parapet  of  the  bridge  on  the  one  side, 
and  the  parapet  of  the  retaining  wall  on  the  other,  are  finished.  A 
third  capital  also  of  the  same  nature,  and  on  a  level  with  the  top  of 
the  spandril  filling  of  the  girder  forms  a  terminal  to  a  heavy  pro- 
jection, arising  from  the  skew-backs.  Along  Chatham  Place  on 
the  north,  and  Albion  Place  on  the  south,  the  parapets  of  the  abut- 
ments extend  and  terminate  in  a  pedestal  of  Portland  stone  with 
truncated  conical  head,  which  will  carry  a  cluster  of  ornamental 
lamps. 

On  each  side  of  each  abutment  is  a  causeway  of  an  average  length 
of  122  feet  and  19  feet  wide,  running  down  into  the  river  at  a  steep 
slope.  Each  are  paved  with  stone  upon  a  curved  foundation  of 
Barrow  line  concrete,  the  sides  being  protected  with  sheet  piling  of 
American  elm  10  inches  X  5  inches,  main  piles  10  inches  X  10 
inches  being  driven  at  intervals  of  8  feet  A  horizontal  timber  is 
bolted  on  each  side  of  the  causeway  to  the  street  piling  by  \\  inch 
bolts  and  at  every  8  feet  a  through  bolt  of  the  same  diameter  ties 
the  main  piles  together.  At  the  face  of  the  abutment  the  street 
piling  turns  at  right  angles  to  the  causeway  and  finishes  against 
the  abutment.  The  river  steps  leading  from  this  level  to  the  street 
are  in  three  flights  with  intermediate  landings. 

The  piers  are  130  feet  long  over  the  cutwater  and  of  the  widths 
given  above.  Like  the  abutments,  they  are  built  of  brick,  faced 
with  the  De  Lank  granite,  and  relieving  the  end  of  each  pier, 
from  the  top  of  the  cutwater,  spring  short,  but  massive  columns  of 
polished  red  granite  from  Mull.  The  shafts  of  these  columns  are 
only  about  12  feet  in  height  and  7  feet  6  inches  diameter.  Each 
of  them  is  formed  only  of  three  stones,  and  the  shafts  stand  on 
Portland  stone  pediments,  while  richly  ornamented  capitals  of  the 
same  material  surmount  them.  Into  the  carving  of  the  capitals 
has  been  introduced  a  profusion  of  flowers,  birds  and  weeds  corres- 
ponding with  the  ornaments  upon  the  abutments.  Above  the  capi- 
tals rises  the  parapet  3  feet  9  inches  high,  broken  at  the  piers  from 
the  straight  line  to  recesses  some  10  feet  deep  and  13  feet  wide, 
accommodated  with  granite  seats. 

The  spaces  between  the  piers  are  spanned  by  wrought  iron  ribs, 
of  which  there  will  be  nine  in  each  span ;  the  upper  part  of  these 
ribs  consist  of  straight,  and  the  lower  of  arched  girders,  the  former 
meeting  the  latter  at  the  crown,  and  the  spandrils  being  occupied 
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with  a  cast  iron  lattice  filling.  In  construction  all  the  ribs  are 
are  alike,  but  the  face  girders  have  cast  iron  mouldings  bolted  to 
them.  In  getting  the  ribs  into  position  no  complete  centres  were 
employed,  supporting  piles  being  driven  at  intervals  to  support 
each  girder  as  it  was  got  into  place,  so  that  when  the  cross-bracing 
was  introduced,  the  keys  and  wedges  driven  between  the  piles  and 
the  ribs  could  be  struck  and  the  arch  cleared  with  less  expense  and 
trouble  than  if  centering  had  been  employed.  The  flooring  of  the 
bridge  is  made  with  Mallet's  buckle  plates  fastened  to  the  road 
bearers  with  f  inch  bolts ;  these  being  asphalted  are  covered  with 
a  formation  of  broken  stones  and  asphalte,  and  upon  it  is  placed 
the  granite  pitching  of  the  roadway  and  the  landings  of  the  foot- 
paths. The  cast  iron  parapet,  3  feet  8  inches  high,  is  highly  orna- 
mented, and  is  designed  in  the  Venetian-Gothic  style  with  vertical 
openings. 

The  following  are  the  names  of  the  persons  principally  concerned 
in  the  design  and  construction  of  the  new  Blackfriars  Bridge :  Mr. 
Henry  Carr,  of  4  Victoria  street,  Westminster,  Mr.  J.  Cubitt,  6 
Great  George  street,  Mr.  Pickett,  Clerk  of  the  Works.  The  con- 
tractors are  Messrs.  Thorn  &  Co.,  their  engineer,  Mr.  F.  W.  Bryant, 
President  of  the  Society  of  Engineers ;  the  iron-work  was  supplied 
by  Messrs.  Lloyds,  Foster  &  Co. ;  the  main  portion  of  the  granite 
was  obtained  from  Mr.  C.  Goodyear,  of  the  De  Lank  quarries,  and 
the  sculptor  who  executed  the  whole  of  the  carvings  upon  the  bridge 
is  J.  P.  Phillips,  Esq.,  of  Hans  Place,  Chelsea. 


The  Nile  to  be  Explored  in  Earnest.— Sir  Samuel  Baker,  at 
the  head  of  1,700  men,  is  to  seek  the  sources  of  the  Nile.  The 
baggage,  stores  and  merchandise,  to  be  used  in  trade  with  the 
natives,  have  been  sent  on  in  advance.  Engineers,  shipwrights, 
ten  steamers  and  thirty  sailing-vessels,  will  accompany  the  expedi- 
tion. Vessels  will  be  built  on  the  spot  for  the  navigation  of  lake 
Albert  Nyanza.  The  expedition  will  rendesvouz  at  Khartsum, 
at  the  confluence  of  Blue  and  White  Niles,  and  proceed  along  the 
latter  as  far  as  it  is  navigable. 

A  Portable  Brick  Machine  bas  been  invented  by  C  A.  Winn, 
in  which  the  clay  is  tempered  by  passing  steam  through  it.  The 
bricks  are  delivered  from  the  molds  hot,  which  facilitates  their 
drying. 

Sulphuric  Acid  is  manufactured  at  the  works  of  C.  Tennant  & 
Co.,  by  decomposing  a  mixture  of  nitrate  of  soda  and  chloride  of 
sodium.  The  nitrous  acid  is  absorbed  by  concentrated  sulphuric 
acid,  and  the  chlorine  is  utilized  for  the  production  of  chloride  of 
lime. 
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NEW  METHOD  FOR  THE  SEPARATION  OF  THE  PLATINUM  METALS. 

By  PRor.  BuNSKN. 

(Translattd  from  his  late  contribution  to  the  <*Anna1en  der  Ghemie  und  Phar- 
macie,'*  entitled  **  Ueber  das  Rhodium,"  by  W.  H.  Wahl. 

In  the  metallurgic  process  of  extracting  platinum  from  its  ores, 
there  is  obtained  three  products,  which  are  admirably  adapted  for 
obtaining  those  rare  metals  which  constantly  accompany  this  metal. 
These  products  are, — 

1.  The  "Ore  Eesidues,"  which  remain  behind  after  the  mass  of 
platinum,  &c.,  has  been  extracted  by  aqua  regia ;  these  are  rich  in 
osmium  and  iridium,  hence  best  adapted  to  the  purpose  of  extract- 
ing these  metals. 

2.  "Osmiridium,"  obtained  by  mechanical  washing  from  the  first 
residue  and  which  is  best  adapted  for  obtaining  ruthenium. 

3.  The  *' Mother-Liquid  Residues,"  left  behind  in  the  aqua  regia 
solutions  after  reduction  with  iron,  the  platinum  having  previously 
been  separated  (with  chloride  of  potassium?)  These  are  rich  in  pal- 
ladium and  rhodium,  and  are  the  best  for  obtaining  these  metals, 

The  following  researches  were  made  with  a  material  of  the  last 
sort ;  for  each  separation  a  kilogramme  of  residue  was  used. 

The  residue  contains,  with  the  exception  of  osmium,  all  the  pla- 
tinum metals,  and  is  particularly  interesting  on  account  of  its  rela- 
tively great  richness  in  rhodium. 

Glaus'  mode  of  separation  (the  only  one  previous  to  this)  involves 
the  loss  of  much  valuable  material.  To  separate  the  rhodium  from 
iridium,  Glaus  used  the  old  method  proposed  by  Wallaston,  which 
depends  upon  the  solubility  of  the  ammonium  (or  potassium)  double 
salt  of  sesqui- chloride  of  rhodium  in  chloride  of  ammonium.  The 
fact,  however,  that  the  salt  K  01,  Ir  Gig,  is  taken  up  in  considerable 
quantity  by  a  solution  of  chloride  of  ammonium  (or  chloride  of  po- 
tassium,) saturated  with  a  rhodium  double  salt,  a  fact  of  which  I 
have  repeatedly  convinced  myself,  is  sufficient  to  awake  the  gravest 
doubts  as  to  whether  the  metal  given  out  to  be  rhodium,  and  to 
which  Berzelius  and  Glaus  ascribed  the  atomic  weight  =•  52,  did 
not  contain  considerable  quantities  of  iridium.  I  found  it,  there- 
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fore,  necessary  to  leave  the  beaten  track,  and  to  search  for  a  more 
exact  method  of  separation. 

Separation  of  Platinum  and  Palladium  from  the  other  metals  of  the 

group. 

The  complete  separation  of  rhodium,  iridium  and  ruthenium  from 
{)latinum  and  palladium,  by  digestion  with  aqua  regia,  will  not  suc- 
ceed with  these  questionable  residues,  as  considerable  quantities  of 
the  first  named  metals  are  present  in  the  form  of  hydrated  sesqui- 
oxides,  and  partly  present  in  a  most  finely  divided  state,  and  in  con- 
sequence, dissolve  with  the  platinum  and  palladium ;  without  taking 
into  consideration  the  fact  the  residue  left  behind  by  this  diges- 
tion, is  only  filtered  with  infinite  difficulty. 

On  the  other  hand,  it  is  easy  to  effect  the  separation  of  platinum 
and  palladium  from  the  others,  almost  completely,  if  the  original 
material  is  mixed  in  a  Hessian  crucible,  with  from  J  to  J  its  weight 
of  chloride  of  ammonium,  heated  until  the  latter  is  completely  vola* 
tilized,  allowed  to  glow  gently  until  only  the  vapors  of  sesqui-chlo- 
ride  of  iron  show  themselves,  and  then  placed  in  a  porcelain  dish, 
and  evaporated  to  a  syrupy-consistency  with  from  two  to  three 
times  its  weight  of  raw  commercial  nitric  acid.  By  this  treatment 
with  chloride  of  ammonium,  the  metals  present  not  belonging  to 
the  platinum  group  will  have  been  partially  converted  to  lower 
chlorides  ;  rhodium,  iridium  and  ruthenium  will  have  been  rendered 
insoluble,  and  the  silica  present  as  gangue,  converted  from  a  gelati- 
nous mass,  to  a  finely  pulverent  condition,  in  which  state  it  will 
admit  of  speedy  filtering. 

The  chlorine  compounds,  produced  by  the  chloride  of  ammonium, 
give  us,  upon  digestion  with  nitric  acid,  just  enough  hydrochloric 
acid  to  dissolve  the  platinum  to  bi-chloride,  while  the  metallic  cop- 
per and  iron  present,  act  in  so  far  reducing  upon  the  palladium  (in 
solution  in  nitric  acid)  that  it  remains  in  solution  not  as  bi-chloride 
(Pd  Clj),  but  as  the  proto-chloride  (Pd  01),  which  latter  is  not  pre- 
cipitated with  chloride  of  potassium.  The  mass  is  diluted  with 
water,  filtered,  and  the  solution  saturated  with  chloride  of  potassium, 
and  the  greater  part  of  the  platinum  separated  pure  as  KCl,  Pt  Gl^ 
which  is  washed  out,  first  with  chloride  of  potassium,  and  later 
with  absolute  alcohol  (the  last  washings  must  not  be  added  to  the 
solution).     This  precipitate  weighed  62  grammes. 

The  filtrate  is  brought  into  a  large  flask  (which  can  be  made  air- 
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tight),  which  will  not  be  more  than  half  filled  with  it.  Chlorine 
gas  is  led  into  this  flask,  and  the  same  is  from  time  to  time  shaken 
vigorously,  until  no  further  absorption  of  gas  takes  place,  when  all 
the  palladium  will  have  separated  as  a  cinnabar-red  precipitate  of 
Kcl,  PdClj  (somewhat  impure,  however,  from  traces  of  platinum, 
iridium  and  rhodium).  This  precipitate  weighed  157  grammes. 
The  fluid  from  which  these  precipitates  were  obtained,  is  now  evapo- 
rated, not  quite  to  dryness,  with  hydrochloric  acid,  and  upon  ad- 
ditiofi  of  just  so  much  water  as  was  necessary  to  dissolve  out  the 
chloride  of  potassium  and  other  soluble  salts,  (aiding  the  operation 
by  rubbing  with  a  pestle),  there  remained  behind  a  dirty  yellow- 
colored  precipitate.  This  was  separated  by  filtration,  boiled  with 
caustic  soda,  and  a  few  drops  of  absolute  alcohol,  hydrochloric  acid 
was  added  to  dissolve  the  precipitate  formed,  and  the  liquid  then 
saturated  with  chloride  of  potassium,  the  result  was  a  precipitate 
of  135  grammes  of  chemically  pure  KCl,  Pt  Clj.  The  mother-liquid 
contained  only  copper,  and  no  platinum  metals. 

The  purification  of  the  cinnabar-red  precipitate  of  palladium  was 
accomplished  as  follows :  It  was  dissolved  in  boiling  water,  whereby 
a  portion  of  the  chloride  dissolves  (with  evolution  of  chlorine)  to 
Pd  CL  It  was  then  evaporated  with  60  grammes  of  oxalic  acid, 
and  dissolved  again  in  a  solution  of  chloride  of  potassium,  where- 
upon 42  grammes  of  K  01  Pt  Clg  remained  behind,  which,  upon  test* 
ing,  proved  chemically  pure.    It  was  washed  out  as  before. 

The  brown  liquid  was  then  somewhat  concentrated  upon  the 
water-bath,  and,  upon  cooling,  there  separated  19  grammes  of  bright 
green,  well  formed  crystals  of  K  01  Pd  01,  (with  some  chloride  of  po* 
tassium)  which,  upon  testing,  likewise  proved  free  from  the  othei* 
platinum  metals* 

The  fluid  poured  ofi:'  from  these  crystals  was  then  neutralized 
carefully  with  caustic  soda,  and  gave  a  very  slight  precipitate  of 
copper  and  iron,  which  was  filtered  off.  Upon  adding  iodide  of  po- 
tassium to  the  filtrate  all  the  palladium  separated  as  Pd  I.  To  avoid 
adding  an  excess  of  the  reagent,  it  is  best  to  take,  from  time  to  time, 
a  drop  from  the  fluid  with  a  capillary  tube,  and  bring  the  same 
upon  a  watch-glass.  As  long  as  the  precipitation  is  incomplete, 
the  drop  appears,  upon  a  white  background,  brown;  when  complete, 
it  is  colorless;  when  the  reagent  is  present  in  excess,  it  is  red.  This 
v/^eighed  77  grammes,  and  was  tested  for  its  purity  by  reducing  it  to 
metallic  palladium  and  then  heating  and  dissolving  in  nitric  acidj 


Digitized  by  VjOOQ IC 


390  Mechanics^  Physics^  and  Chemistry. 

when  pure,  it  must  dissolve  completely.  The  whole  mass  was  now 
reduced  in  a  slow  stream  of  hydrogen  gas  (whereby  the  iodine  can  be 
obtained  again  as  hydriodic  acid,  by  absorbing  with  water);  at  last 
the  mass  must  be  strongly  heated  to  decompose  slight  traces  of  the 
sub-iodide  of  palladium  (Pd^  I)  which  are  formed. 

The  mother-liquid  from  which  all 
this    platinum    and   palladium    has 
been    obtained    may    contain    some 
iridium   and   rhodium,  it   is,  there- 
fore,    evaporated    to    dryness    with 
a  little  iodide  of  potassium,  whereby 
a  mixture  of  the  iodides  of  rhodium 
and  iridium  separates;  this  can  either 
^®     be  dissolved  in  aqua  regia,  and  the 
two  metals  separated,  as  will  here- 
after be  described,  by  the  bi-sulphite  of  soda,  or  it  can  be  united 
with  the  portion  from  which  these  metals  will  be  obtained. 

Separation  of  Ruthenium  and  of  Rhodium  and  Iridium, 

The  residue,  from  a  kilogramme  of  the  original  material,  which 
remained  after  treatment  with  chloride  of  ammonium  and  nitric 
acid,  weighed  400  grammes.  It  was  treated  as  follows,  to  get  the 
metals  in  a  form  adapted  to  farther  chemical  treatment. 

The  method  depends  upon  the  behavior  of  chloride  of  zinc  to 
zinc.  If  a  piece  of  zinc  be  smelted,  it  rapidly  covers  itself  with  a 
stratum  of  oxide.  If,  to  the  smelted  metal,  a  metal  like  iridium  be 
added,  the  oxide  stratum  hinders  the  latter  from  coming  into  con- 
tact with  the  zinc,  even  though  it  be  pushed  beneath  the  surface; 
if,  however,  a  few  grains  of  chloride  of  ammonium  be  given  to  it, 
ammonia,  hydrogen,  and  chloride  of  zinc  will  be  formed,  which 
last  dissolves  the  oxide  stratum  to  basic-chloride  of  zinc.  The  zinc 
below  resembles  mercury  in  lustre  and  movability.  As  soon  as 
the  chloride  has  dissolved  as  much  of  the  oxide  as  is  possible  for 
it)  the  oxide  stratum  again  forms,  and  is  instantly  removed  again 
by  the  addition  of  more  chloride  of  ammonium.  The  melted  zinc 
(strewn  with  chloride  of  ammonium)  also  possesses,  like  mercury, 
the  property  of  attacking  other  metals,  if  the  affinity  exists  of 
forming  with  them  alloys.  By  strewing  chloride  of  ammonium 
upon  the  melted  zinc,  a  quiet  surging  is  kept  up  as  the  ammonia 
and  hydrogen  are  given  oflF.     Many  oxides  and  chlorides,  among 
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which  are  those  of  the  platinum  metals,  are,  when  they  come  into 
contact  with  this  atmosphere  of  reducing  gases,  (and  with  the  basic- 
chloride  of  zinc)  instantly  reduced  and  dissolved  to  alloys  by  tha 
zinc.  (We  have  here  a  means  of  separating,  quantitatively,  all 
metals  which  are  not  dissolved  by  zinc  from  those  which  are.)  la 
making  the  solution,  the  zinc,  in  a  porcelain  dish,  should  be  con- 
stantly rotated;  the  gangue  remains  in  the  basic-chloride.  The 
regulus,  immediately  upon  solidifying,  should  be  taken  from  the 
capsule,  out  of  the  yet  fluid  basic- chloride,  and  washed  off  with 
acetic  acid  until  all  the  basic-chloride  is  dissolved  away.  The 
gangue  can  be  quantitatively  determined  by  filtration  and  weigh- 
ing. If  the  regulus  is  not  immediately  removed,  the  containing 
vessel  will  be  broken,  owing  to  the  unequal  expansion  of  the  por. 
celain  and  the  metal. 

The  best  proportions  for  a  quantitative  separation  are,  to  one 
part  of  the  expected  platinum  metals,  from  20  to  30  parts  of  zinc; 
for  an  ordinary  separation,  7  parts  of  zinc  is  sufficient. 

For  the  extraction  of  the  residues  remaining  after  our  treatment 
with  nitric  acid,  this  method  is  admirably  adapted;  by  fusing  only 
once  with  zinc,  for  two  or  three  hours,  all  the  platinum  metals  are 
extracted.    The  operation  is  the  following: — 

From  3  to  3*5  kilogrammes  of  commercial  zino  were  fused  in  a 
two-litre  Hessian  crucible,  chloride  of  ammonium,  from  time  to  time, 
strewn  upon  it,  the  400  grammes  of  residue,  previously  heated  to 
faint  glowing  with  chloride  of  ammonium  were  added,  and  the 
temperature  kept,  for  two  or  three  hours,  just  above  the  fusing 
point  of  the  alloy,  by  adding,  whenever  the  mass  threatened  to 
solidify,  some  chloride  of  ammonium.  The  mass  is  divided  into 
three  strata  after  solidification  has  taken  place. 

The  outer  stratum,  easily  broken  away  by  a  blow  from  a  hammer, 
contains  no  platinum  metals.  The  next  contains  some  particles  of 
the  zinc  and  platinum  alloy  imbedded  in  the  basic-chloride  of  zinc ; 
it  is  porous,  and  not  very  thick. 

The  inner  stratum  consists  of  a  frequently  beautiful  crystalline 
regulus.  To  obtain  the  alloy  from  the  middle  stratum,  it  is  only 
necessary  to  wash  repeatedly  with  water;  and  the  alloy  gained  is, 
of  course,  to  be  added  to  the  regulus.  To  obtain  this  regulus  as 
pure  as  possible,  it  was  again  fused  with  500  grammes  of  zinc  and 
some  chloride  of  ammonia,  then  granulated  in  water,  and  the  gra- 
nules dissolved  in  fuming  hydrochloric  acid.     The  acid  attacks  the 
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regulus  with  the  greatest  energy,  and  the  solution  was  completed 
in  less  than  an  hour.  The  chlroide  of  zinc  can  be  used  for  the 
next  operation. 

The  platinum  metals  are  found  at  the  bottom  of  the  vessel,  in 
form  of  a  finely  divided  black  powder,  and  is  impurified  with  zinc, 
and  with  traces  of  iron,  copper,  &c.,  from  the  latter.  It  cannot  be 
purified  with  nitric  acid,  nor  with  aqua  regia,  for  part  of  the  plati- 
num metals  will  thereby  be  dissolved,  or,  at  best,  so  suspended  in 
the  fluid  that  filtration  is  impossible.  If,  however,  the  powder  is 
treated  with  hydrochloric  acid,  singularly  enough  all  the  impurities 
are  dissolved,  not  only  zinc  and  iron,  but  also  lead  and  copper  dis- 
solve readily  with  the  generation  of  hydrogen.  The  explanation  is 
readily  found  in  electrical  currents  produced  by  the  contact  of  the 
metals,  the  stream  passing  from  the  positive  zinc,  iron,  &c.,  to  the 
negative  platinum  metals;  hydrogen  being  given  on  the  latter  and 
chlorine  on  the  former,  and  uniting  with  them.  The  metals  (rho- 
dium, iridium,  4;c.),  after  thorough  washing,  weighed  65  grammes. 
This  powder  possesses  the  property,  upon  being  gently  heated,  of 
exploding  weakly,  and,  when  highly  heated,  with  violence,  the  ex- 
plosion being  accompanied  with  the  evolution  of  light,  thereby 
neither  hydrogen  nor  chlorine,  nor  nitrogen,  nor  aqueous  vapor  are 
given  off,  and  as  these  are  the  only  elements  which  it  is  possible 
that  the  metallic  powder  could  have  taken  up,  it  must  be  assumed 
these  metals  are,  by  our  treatment,  converted  into  an  allotropic 
condition,  and  that,  upon  heating,  they  return,  with  more  or  less 
energy,  to  their  original  condition.  The  powder  contains,  mainly, 
rhodium  and  iridium,  but  there  are  traces  present  of  platinum, 
palladium,  lead,  copper,  iron,  and  zinc. 

It  was  intimately  mixed  with  about  3  or  4  times  its  weight  of 
completely  anhydrous  chloride  of  barium,  and  a  stream  of  chlorine 
gas  lead  over  it  at  a  tolerably  high  temperature.  The  operation  is 
concluded  when  particles  of  sesqui-chloride  of  iron  show  themsel- 
ves on  the  neck  of  the  flasks  containing  the  powder.  It  is  carefully 
brushed  away  with  filter  paper.  Some  water  was  now  added  and 
the  mass  of  the  platinum  metals  dissolved  with  the  evolution  of 
heat.  There  remained  behind  13*7  grammes  of  insoluble  matter, 
which,  upon  reduction  with  hydrogen,  alloying  with  zinc  and  treat- 
ment with  hydrochloric  acid,  furnished  4*5  grammes  of  ruthenium. 
From  the  original  65  grammes  of  metal-powder,  there  was  dissolved 
in  three  hours,  and  with  the  use  of  four  ordinary  burners,  57  gram- 
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mes  of  the  platinum  metals,  there  being  consumed  thereby  415 
grammes  of  85  per  cent,  black  oxide  of  manganese.  From  this  so- 
lution all  the  chloride  of  barium  was  removed  by  careful  addition 
of  sulphuric  acid  (see  the  precipitation  of  palladium).  The  platinum 
metals  were  now  completely  freed  from  all  other  metals  by  reduc- 
tion with  hydrogen  (with  100  grammes  of  material  this  operation 
will  require  five  or  six  days);  the  temperature  being  throughout  the 
operation  maintained  at  nearly  100°  C,  by  means  of  the  constant 
water-bath.  Platinum  and  palladium  chiefly,  separate  first,  then 
mainly  rhodium,  and  the  last  portions  consist  almost  entirely  of 
iridium.  It  is  best  to  break  off  the  operation  when  the  fluid  has 
assumed  a  greenish-yellow  color.  The  last  portions  of  iridium  (ob- 
tained by  evaporating  the  solution  to  dryness,  fusing  with  carbon* 
ate  of  soda,  and  treatment  with  aqua  regia)  were  added  to  the  por- 
tion, afterward  to  be  again  rendered  workable  by  renewed  treatment 
with  chloride  of  barium.  The  operation  of  reduction  is  hastened 
by  concentrating  the  fluid,  in  doing  which,  care  must  be  taken  to 
guard  against  explosion  on  account  of  the  hydrogen.  The  separated 
metals  were  treated  with  aqua  regia  and  the  platinum  and  palladium 
thus  dissolved,  were  separated  from  each  other  as  above  described. 
The  traces  of  rhodium  and  iridium  in  the  mother-liquid  can  be  re- 
moved entirely  by  continued  boiling  with  iodide  of  potassium, 
(whereby  they  precipitate  as  iodides,)  dissolved  in  aqua  regia,  and 
added  insoluble  portion. 

This  insoluble  and  partly  oxidized  portion  was  now  again  redu- 
ced in  hydrogen  gas,  treated,  as  before  described,  with  chloride  of 
barium,  and  after  the  removal  of  the  barium,  the  last  traces  of  pla- 
tinum and  palladium  removed  by  boiling  with  caustic  soda.  Eho- 
dium  and  iridium  now  alone  remain  to  be  separated. 

The  brown-red  fluid  was,  for  this  purpose,  evaporated  with  hy- 
drochloric acid,  and,  after  filtration,  treated  with  bisulphite  of  soda, 

(NaO  i  \ 

TTf)    f  Sj  O4  j  in  great  excess^  and  the  whole  allowed  to  remain 

quietly  in  the  cold  for  several  days.  The  double  salt  of  rhodium 
(NaO.  SO2,  EhO  SO2)  separates  slowly,  giving  a  lemon-yellow  pre- 
cipitate. The  solution  becomes  lighter  and  lighter  and  finally 
almost  colorless.  The  color  of  the  precipitate  changes  with  that 
of  the  fluid,  becoming  with  it,  lighter.  This  precipitate  upon  wash- 
ing, contained  the  rhodium  almost  pure. 

Upon  heating  the  fluid  gently,  a  yellow-white  precipitate  sepa- 


Digitized  by  VjOOQ IC 


400  Mechanics^  Physics,  and  Chemistry. 

rated,  which  consisted  mainly  of  rhodium,  but  contained  also  some 
iridium.  After  filteringoflf  this  precipitate,  the  solution  upon  being 
concentrated  to  a  small  volume  gave  yet  two  precipitates: — 

1st.  A  curdy,  slowly  separating,  yellowish- white  precipitate, 
nearly  chemically  pure  iridium,  containing  but  the  faintest  traces 
of  rhodium. 

2d.  A  heavy,  crystalline  powder,  quickly  separating,  which  was 
readily  freed  from  the  first  by  decantation,  and  weighed  16  grms. 
Upon  testing,  it  gave  all  the  reactions  for  iridium,  but  likewise  some 
peculiar  reactions  not  shown  by  the  latter ;  it  may  possibly  con- 
tain a  new  metal. 

Exclusive  of  these  16  grms,  the  precipitate  (the  1st.)  weighed 
99'0  grms.  The  mother-liquid  was  free  from  platinum  metals. 
The  complete  separation  of  rhodium  from  iridium  was  accomplished 
by  treating  the  yellow  precipitates  with  concentrated  sulphuric  acid. 
They  were  brought  in  small  portions  into  the  acid,  heaied  in  a  p<Jr- 
celain  capsule,  until  all  the  sulphurous  acid  had  escaped,  and  then  left 
upon  the  sand-bath,  until  all  the  free  sulphuric  acid  had  been  driven 
off;  and  the  sulphate  of  soda  formed.  Upon  boiling  the  mass  of 
water,  all  the  iridium  dissolves  as  sulphate,  with  a  chrome-green 
color,  while  the  rhodium  remains  behind  as  a  flesh-red  double  salt 
of  soda  and  rhodium  oxide.  It  (the  latter)  was  washed  by  boiling 
in  aqua  regia  and  decanted  with  water.  It  is  insoluble  in  water, 
hydrochloric  or  nitric  acids  and  in  aqua  regia.  The  rhodium  and 
iridium  are  now  completely  separated.  The  rhodium  salt  weighed 
83-2  grms. 

The  following  are  the  weights  of  the  various  precipitates  obtained 
from  one  kilogramme  of  the  original  residue : 

KCl,  rtClj =  117-5  grms. 

Pdl  =    770    " 

KCl,  PdCl =^    19  0     *' 

NaO  SO3,  RhO.  SOj, =    &3-2     " 

^r,03 :-      91     " 

Ru.  (+Ir.) _      4-5     ** 

The  first  yellow  precipitate,  obtained  in  the  cold,  by  the  bisul- 
phite of  soda,  gave  by  this  treatment,  the  rhodium  quite  pure.  The 
second  and  third  precipitates  containing  much  iridium  gave  a  very 
fine  rhodium,  but  still  slightly  impurified  with  iridium.  The  pro- 
ducts, therefore  obtained  by  this  treatment  with  sulphuric  acid 
(which  betray  their  impurification  from  iridium  by  their  somewhat 
brownish  color)  were  collected  for  themselves.   The  rhodium,  sepa- 
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rated  therefrom  by  glowing,  treated  again  with  chloride  of  barium, 
and  the  operation  of  separation  repeated.  The  green  solution  contain- 
ing only  iridium  was  gradually  heated  over  an  ordinary  burner,  in 
a  porcelain  capsule,  and  afterward  upon  the  sand-bath,  to  remove 
the  excess  of  sulphuric  acid ;  and  finally  the  capsule  and  its  con- 
tents were  highly  treated  in  a  Hessian  crucible.  There  is  formed 
thereby  sulphate  of  soda  and  sesquioxide  of  iridium.  Upon  boil- 
ing the  mass  with  water,  the  last  remained  behind  as  a  black,  in- 
soluble powder,  which  was  readily  washed  by  decantation.  *  It 
weighed  9*1  grms. 

In  these  operations,  the  new  filtering  apparatus  and  the  continu- 
ous water-bath,  with  which  I  have  furnished  my  laboratory,  mate- 
rially shortened  the  labor. 


THE  MELBOURNE  TELESCOPE-REPORT  OF  COMMITTEE. 

The  Committee  were  informed  by  Mr.  Grubb  at  the  close  of  last 
year  that  the  telescope  was  ready  for  their  final  examination ;  but 
the  bad  weather  which  has  prevailed  in  Ireland  ever  since  precluded 
all  trials  of  its  optical  power  till  February  17,  when  they  met  at 
Mr.  Grubb's  works  in  Eathmines  Road. 

1.  The  telescope  was  not  finished  at  the  time  named  in  the  con- 
tract; but  the  Committee  have  ascertained  that  the  delay  arose 
solely  from  unfavorable  weather,  which  not  only  impeded  the  actual 
work  of  polishing,  but  for  weeks  together  made  it  impossible  to 
test  the  figure  of  the  specula.  They  considered  that  it  was  far 
more  important  to  send  out  a  perfect  instrument  than  to  keep  the 
exact  time. 

2.  The  Committee,  after  minutely  and  carefully  studying  the 
mechanical  details  of  the  equatorial,  have  come  unanimously  to 
the  conclusion  that  it  is  a  masterpiece  of  engineering.  Its  move- 
ments are  surprisingly  smooth  and  steady ;  it  can  be  moved  to  any 
portion  of  the  sky,  even  if  it  have  to  be  reversed  from  one  side  of 
its  pier  to  the  other,  in  less  than  a  minute  by  two  operators,  and 
with  very  little  exertion. 

The  clock  is  smooth  and  equable  in  its  action,  it  is  very  power- 
ful, and  quite  equal  to  its  work.     Great  change  of  rate,  as  from 
sidereal  to  lunar  time,  is  eflected  by  an  ingenious  piece  of  differen- 
tial gearing;  small  changes  are  made  by  a  cam  adjustment ;  more- 
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over,  it  rings  seconds,  for  the  double  object  of  comparing  its  rate 
with  a  chronometer,  and  to  assist  the  observer  in  his  observations. 

3.  The  Committee  are  strongly  impressed  by  the  great  conveni- 
ence to  the  observer  of  the  arrangements  of  the  hour  and  polar- 
distance  circles,  the  facility  of  controlling  their  adjustment,  and  the 
easy  access  to  the  eye-piece. 

4.  The  stability  of  the  tube  was  severely  tested,  both  in  respect 
of  its  general  stiflfness  and  its  power  of  resisting  torsion,  such  as 
might  be  produced  by  the  weight  of  the  small  speculum  when  the  tele- 
scope is  oflF  the  meridian;  and  the  results  were  highly  satisfactory. 

5.  In  large  reflecting  telescopes  it  is  usual  to  make  provision  for 
keeping  a  given  diameter  of  the  great  speculum  always  in  a  verti- 
cal plane.  When  they  are  equatorially  mounted,  this  is  done  by 
rotating  the  tube  in  its  cradle.  Here  the  tube  does  not  turn;  but 
there  is  a  special  arrangement  of  hoop-suspension,  by  which,  what- 
ever diameter  may  be  vertical,  it  is  supported  in  a  uniform  and 
symmetrical  manner.  The  system  of  triangular  levers  at  the  back 
of  the  great  speculum  is  also  contrived  ^o  as  to  prevent  them  from 
exerting  any  pressure  which  might  distort  it.  This  is  a  matter  of 
the  highest  importance,  and  the  attention  of  the  Committee  was 
specially  directed  to  it.  They  examined  it  most  carefully,  putting 
the  telescope  in  various  positions  of  R.  A  and  P.  D.  on  each  side  of 
the  meridian,  both  by  day  and  night,  and  could  not  find  any  sign  of 
flexure  or  any  distortion  of  the  image  In  any  of  these  changes. 

6.  In  order  to  test  the  optical  power  of  the  second  speculum  B 
(the  first  one  A,  had  been  tried  and  approved  by  a  member  of  the 
Committee  on  October  12  last),  the  telescope  was  directed  to  the 
following  objects : — In  the  daytime  Venus  ai^d  a  Andromedas ;  at 
night  (which  fortunately  was  clear  and  steady)  Castor,  the  Great 
Nebula  of  Orion,  f  Orionis,  y  Andromedae,  Uranus,  1  Messier,  37 
Messier,  46  Messier,  and  51  Messier,  from  which  it  will  be  seen  that 
both  the  light-collecting  and  defining  powers  of  the  instrument  were 
fairly  tried.  The  powers  used  were  220  (the  lowest  which  can  take 
in  the  entire  pencil),  350,  and  450,  all  negatives.  Of  course  one 
would  not  propose  such  an  instrument  for  the  measurement  of  close 
double  stars,  work  for  which  telescopes  such  as  those  of  Poulkova 
and  Harvard  are  possibly  better  fitted ;  but  the  Committee  found 
that  the  light  even  of  large  stars  was  collected  into  small,  hard,  and 
perfectly  circular  disks,  free  from  rays ;  and  though  some  diflFused 
light*  surrounded  them,  it  was  exactly  concentric  with  the  central 

*  The  cause  of  this  diffused  light  has  since  been  discovered  and  removed. 
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disks.  The  5th  and  6th  stars  of  the  Trapezium  of  Orion  were  not 
only  plainly  seen,  but  were  very  bright ;  S  Orionis  was  well  shown, 
and  the  companion  of  y  Andromedsa  was  clearly  divided  with  the 
powers  of  350  and  450,  and  the  different  tints  of  the  components 
were  evident.  Uranus  was  well  seen,  but  was  surrounded  by  such 
a  multitude  of  very  minute  stars  that,  without  access  to  the  tables 
of  his  satellites,  it  was  impossible  to  know  whether  any  of  them 
were  seen.*  37  M.  was  broken  into  a  heap  of  stars  so  large  and 
brilliant  that  it  quite  lost  the  character  of  a  cluster.  The  planetary 
Nebula  in  46  M.  brought  out  most  strikingly  the  light-collecting 
power  of  this  telescope ;  for  it  (which  in  most  telescopes  appears  as 
a  faint  disk)  was  revealed  as  a  ring,  bright  even  on  the  dazzling 
ground  of  the  surrounding  stars,  which  here  were  as  brilliant  as 
the  components  of  the  Pleiades  appear  in  ordinary  instruments. 
With  respect  to  the  Nebulae,  it  is  needless  to  say  more  than  that 
Lord  Rosse  considers  its  performance  in  bringing  out  the  details  of 
the  Orion  Nebula,  1  M.  (the  Crab),  and  51 M.  (the  Great  Spiral),  quite 
satisfactory. 

7.  The  Committee  had  no  opportunity  of  testing  the  spectro- 
scope on  stellar  or  nebular  spectra ;  but  they  have  tried  it  on  solar 
and  electric  ones,  and  consider  that  it  will  be  very  effective,  from 
the  solidity  of  its  structure,  and  its  large  dispersion  combined  with 
a  small  deviation. 

8.  The  balance  of  the  grant,  which  will  probably  be  absorbed 
by  the  expense  of  packing  the  instrument  for  removal,  was  not 
sufficient  to  justify  the  Committee  in  ordering  a  photographic  appa- 
ratus which  should  be  worthy  of  the  telescope ;  but  some  trials 
have  been  made  with  a  "  makeshift  affair,"  which  confirm  them  in 
their  opinion  that  it  is  most  important  to  turn  to  account  the  pho- 
tographic power  of  this  magnificent  instrument,  not  only  for  the 
moon,  but  for  the  planets  and  the  sun.  On  two  or  three  occasions 
Castor  and  the  moon  were  taken  with  this  temporary  apparatus ; 
as  to  the  star,  its  components  impressed  their  images  in  good  measur- 
able disks  in  times  varying  from  two  to  eight  seconds ;  with  respect 
to  the  moon,  on  February  1,  when  she  was  seven  days  old,  and  the 
air  good,  a  remarkably  hard  and  sharp  picture,  full  of  minute  details, 

*  On  the  19th  of  Fehruary,  however,  the  Committee  had  the  advantage  of  the 
presence  of  Mr.  Lassell  in  the  examination  of  Uranus  among  other  ohjects  with 
Speculum  A,  and,  guided  by  his  familiarity  with  that  object,  they  were  enabled  to 
make  out  stars,  the  positions  of  which,  with  great  probability,  corresponded  to  the 
places  of  the  two  most  distant,  and  one  of  the  nearest  satellites. 
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was  obtained,  which  exhibits  so  strongly  the  great  photographic 
power  of  the  instrument,  that  they  would  regard  it  as  a  serious  loss 
to  science  if  this  was  not  most  fully  brought  into  action.  This  is 
the  more  desirable  because  lunar  and  solar  photography  would  utilize 
a  considerable  portion  of  time,  during  which  the  observing  of  nebulae 
is  impossible.  After  full  inquiry,  the  Committee  find  that  the  cost 
of  the  necessary  apparatus  for  this  work,  including  a  micrometer  for 
measuring  distances  and  positions  on  the  photographs  (like  that 
described  in  the  Phil.  Tram.^  1862,  p.  373),  could  be  provided  for  a 
sum  not  exceeding  £400;  and  they  earnestly  hope  that  so  valuable 
an  addition  may  be  made.  They  have  been  given  to  understand 
that  the  Melbourne  Government  have  resolved  on  putting  a  roof 
over  the  instrument,  but  that  they  think  it  can  be  more  economi- 
cally constructed  there  than  here.  In  this  case,  it  occurs  to  the 
Committee  that  the  second  form  of  roof  described  in  Dr.  Robinson's 
letter  might  be  preferable  to  the  more  complex  one  there  recom- 
mended ;  and  as  it  would  be  less  costly,  the  difference  would  more 
than  cover  the  expense  of  the  photographic  apparatus.  In  this 
hope  they  have  directed  Mr.  Grubb  to  prepare  a  detailed  plan  of 
that  apparatus  and  of  the  second  form  of  roof.  The  Committee  con- 
clude by  stating  that  they  have  no  hesitation  in  declaring  that  the 
instrument  is  perfectly  fit  for  the  work  for  which  it  was  destined. 
They  therefore  consider  that  Mr.  Grubb  has  fulfilled  his  contract, 
and  have  directed  him  to  lose  no  time  in  preparing  the  necessary 
cases  and  packing  it  for  Melbourne.  They  have  also  instructed 
him  to  insure  it  against  the  risk  of  fire  during  its  stay. 

The  Committee  feel  bound  to  say  that  Mr.  Grubb  has  pat  a  most 
liberal  construction  on  the  terms  of  his  contract;  and  after  their 
minute  examination  of  the  excellence  of  the  telescope,  and  the 
amount  and  perfection  of  the  machinery  connected  with  it  and  its 
manufacture,  they  are  convinced  that  Mr.  Grubb  has  been  more 
influenced  by  the  desire  of  producing  a  perfect  instrument  than  by 
any  prospect  of  pecuniary  advantage,  and  can  scarcely  realize  the 
possibility  of  giving  so  much  for  the  sura  named  in  the  contract, 
especially  when  it  is  considered  that  special  works  had  to  be  erected 
for  the  purpose  of  constructing  the  telescope. 

EossE, 

T.  R.  Robinson,  D.D. 

Feb.  19,  1868.  WaRREN  DE  LA  RUE. 

p.  S.  March  7th,  1868. — I  would  strongly  recommend  that  the 
photographic  apparatus  should  be  fitted  to  the  telescope  before  it 
leaves  Ireland.  Warren  de  la  Rue. 
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ON  A  NEW  SPECTROSCOPE,  WITH  CONTRIBUTIONS  TO  THE 
SPECTRAL  ANALYSIS  OF  THE  STARS. 

By  Prof.  J.  C.  F.  Zollner. 
From  the  Reports  of  the  Royal  Saxon  Academy  of  Sciences,  Leipsic,  Feb.  6, 
1869.  Translated  from  No.  1772  (Sept.  15, 1869)  of  the  Astronomisehe  NachrieJiten, 
by  Prof.  Alfred  M.  Mayer,  Ph.  D. 

The  spectral  analysis  of  the  stars,  apart  from  the  information 
which  it  gives  concerning  the  physical  constitution  of  heavenly 
bodies,  has  of  late  attracted  considerable  attention  in  another  and 
not  less  interesting  direction.  There  is  a  prospect  of  our  being  able 
by  means  of  it  to  prove,  and  even  to  measure,  the  influence  which 
the  component  of  the  relative  motion  of  the  earth  and  of  the 
observed  star,  acting  along  the  line  joining  them,  exerts  upon  the 
position  of  the  spectral  lines. 

It  is  clear  that  the  influence  which  two  separated  bodies  exert 
upon  one  another,  by  periodical  impulses  of  finite  velocity  of  pro- 
pagation, must  be  modified  by  a  constant  change  in  the  distance 
of  the  two  bodies.  Doppler  has  the  merit  of  having  first  perceived 
the  necessity  of  such  an  influence,  in  1841,  although  his  conclusions 
concerning  the  colors  of  the  stars  must  be  considered  incorrect, 
because  he  neglected  to  consider  the  invisible  portions  of  the 
spectrum. 

Numerous  experiments,  by  Ballot,  Mach  and  others,  have  proved 
with  reference  to  sound  that  the  above  influence  is  in  accordance 
with  the  demands  of  theory. 

With  reference  to -lijht,  however,  it  has  not  been  possible  hitherto 
to  detect  by  observation  such  magnitudes  of  this  influence  as  could 
be  clearly  demonstrated ;  because  even  the  cosmical  motions  which 
are  the  most  rapid  at  our  command,  ^re  very  slow  when  compared 
with  the  velocity  of  light. 

The  great  improvements  made  in  the  optical  instruments  since 

\     the  discovery  of  the  spectral  analysis,  give  us  the  hope  of  showing 

^.    the  above  influence  in  the  spectra  of  the  stars.   According  to  theory 

this  influence  must  show  itself  in  the  displacement  of  the  spectral 

•  lines.     The  amount  of  this  displacement  would  be  one-tenth  of  the 

'  distance  between  the  two  sodium  lines,  for  the  mean  velocity  of  the 

aarth,  of  4  German  miles  a  second. 

This  amount,  which  can  be  very  easily  calculated  from  the  velo- 
city of  light  and  the  duration  of  the  undulations  of  the  rays  produc- 
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ing  the  soda  lines,  has  very  recently  been  again  computed  by  J.  C. 
Maxwell,  in  accordance  with  the  former  calculations  of  F.  Eisen- 
lohr  and  others. 

The  amount  of  the  displacement  seemed  to  Maxwell  to  be  so 
small,  that  he  closes  his  remarks  with  reference  to  the  present 
form  of  the  spectroscope  and  to  the  method  of  determining  the 
position  of  the  lines,  as  follows:  "It  cannot  be  determined  by  spec- 
troscopic observations  with  our  present  instruments  and  it  need  not 
be  considered  in  the  discussion  of  our  observations." 

Huggins  has,  nevertheless,  in  his  latest  treatise,  containing  the 
experiments  of  Maxwell,  attempted  to  solve  the  problem  by  the  use 
of  a  spectroscope  consisting  of  not  less  than  5  prisms,  of  which  2 
were  flint  glass  AmicCs,  and  8  crown  glass  prisms. 

The  loss  of  light,  caused  by  the  large  number  of  prisms,  permit- 
ted him  only  to  observe  the  brightest  stars.  He  confines  his  com- 
munications to  a  statement  of  the  results  of  his  observations  on 
Sirius,  and  thinks  that  he  has  found  a  slight  displacement  of  the 
line  F,  as  compared  with  the  hydrogen  line  produced  by  a  Geissler's 
tube. 

The  direction  and  amount  of  the  displacement  would  indicate  an 
increase  of  the  distance  between  the  earth  and  Sirius  with  a  velocity 
of  41*1  English  miles  per  second. 

If  the  components  of  the  motion  of  the  earth,  which  amounted 
at  the  time  of  observation  to  12  English  miles,  are  eliminated,  the 
velocity  with  which  Sirius  and  the  sun  separate  from  one  another 
would  equal  29*4  English  or  about  6*4  German  miles* 

Huggins  himself  considers  this  result  as  very  uncertain,  partially 
on  account  of  the  above  mentioned  great  loss  of  light,  and  partially 
on  account  of  the  difficulty  of  comparing  the  coincidences  of  the 
bright  lines  from  terrestrial  sources  of  light,  with  the  dark  ones  in 
the  sidereal  spectra.  Sometimes  the  latter  also  have  a  different  ap- 
pearance, c.  g.  they  may  be  blurred  and  of  different  width,  as  is  the 
case  in  the  line  F  of  the  spectrum  of  Sirius. 

I  think  that  I  have  overcome  the  most  material  of  these  difficul- 
ties which  have  hitherto  impeded  the  solution  of  the  problem,  by 
means  of  a  spectroscope  of  new  construction,  the  first  specimen  of 
which  I  have  the  honor  of  placing  before  the  Royal  Society. 

The  construction  is  as  follows :  The  line  of  light  produced  by  a  slit 
or  by  a  cylindrical  lens  is  in  the  focus  of  a  lens,  which  makes  the  rays 
parallel  as  in  other  spectroscopes*    Then  the  rays  pass  through  two 
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AmicCs  systems  of  prisms,  d  vision  directe,  which  I  have  received 
from  Mr.  Merz,  Munich. 

These  are  so  placed  side  by  side  that  each  gives  passage  to  one- 
half  of  the  rays  coming  from  the  object-glass  of  the  collimator,  but 
so  that  the  refracting  edges  lie  on  opposite  sides.  By  this  means 
all  the  rays  are  separated  into  two  spectra  of  opposite  direction.  The 
object-glass  of  the  telescope,  which  unites  the  rays  again  to  one  im- 
age, is  cut  perpendicular  to  the  horizontal  refracting  edges  of  the 
prisms,  as  in  the  heliometer,  so  that  each  half  can  be  micrometri- 
cally  moved  either  parallel  or  perpendicular  to  the  line  of  bisection. 
By  this  means  we  are  enabled  not  only  to  make  the  lines  of  both 
spectra  coincide,  but  to  place  the  two  spectra  side  by  side  instead 
of  superposing  them  (so  that  one  is  placed  beside  the  other  like  a 
nonius)  and  also  to  partially  superpose  them.  By  this  construc- 
tion the  sensitiveness  of  the  double  image  is  not  only  turned  to  ac- 
count for  determining  any  change  of  position  in  the  spectral  lines, 
but  every  such  change  is  also  doubled  because  the  influence  acts  in 
opposite  direction  in  the  two  spectra. 

The  principle  of  the  reversion  of  the  spectra  which  forms  the  basis 
of  the  instrument  and  which  determines  me  to  give  it  the  name  of 

Reversion- Spectroscope 

may  also  be  applied  without  the  use  of  the  Amid  system  of  prisms* 
It  is  only  necessary  to  reverse  a  portion  of  the  rays  passing  through 
a  common  prism  by  means  of  reflection  by  mirror  or  prism,  and 
then  to  observe  the  whole  pencil  of  rays  with  the  bisected  object* 
glass  of  a  telescope,  as  above.  The  principle  also  renders  the  intro^ 
duction  of  artificial  sources  of  light  for  the  examination  of  slight 
changes  of  refrangibility  entirely  dispensable,  and  allows  their 
detection  and  determination  by  the  change  of  position  of  perfectly 
similar  objects. 

The  measurements  made  on -the  dark  {D)  lines  of  the  sun's  spec- 
trum, as  well  as  on  the  light  soda  lines  of  a  candle-flame  impreg- 
nated with  common  salt,  which  are  given  here  to  enable  you  to 
judge  of  the  power  of  the  instrument,  justify  the  hope  that  we  may 
be  able,  by  means  of  this  spectroscope,  not  only  to  observe  the  in- 
fluence of  the  earth's  motion,  but  also  to  determine  it  quantitatively^ 
with  such  precision  as  is  desirable  for  the  preliminary  control  of 
theoretical  conclusions. 
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The  figures  given  refer  to  parts  of  the  micrometer  screw,  and 
show  the  separation  of  the  two  soda  lines. 


Soda  Flame. 

Sun. 

49-5 

49-5 

60-6 

51-5 

630 

481 

49-6 

48  9 

Mean..«. 

60-6  4- 0-6 

Mean.... 

.. ..  49-6  -\~  0-6 

In  the  following  series  of  observations,  the  reversion-spectroscope 
was  provided  not  only  with  another  micrometer  screw  with  a  some- 
what coarser  thread,  but  also  with  two  other  systems  of  prisms, 
whose  dispersion  in  the  region  of  the  soda  line,  was  1'77  times 
greater  than  that  of  the  prisms  used  above.  The  achromatic  object- 
glass  of  the  collimator,  and  of  the  telescope,  were  also  replaced  by 
non-achromatic  glasses,  by  which  the  sharpness  of  the  images  was 
not  impaired,  and  the  clearness  and  strength  of  the  light  were 

increased. 

SUN. 


Parte  of  the  Screw. 

Deviations  from  the  Mean. 

67*1 

—  0-8 

69-4 

+  1.6 

68*4 

4-0-5 

67-9 

00 

66-6 

—  1-3 

66-1 

—  1-8 

68-2 

4-0-3 

68-0 

+  01 

69-6 

+  1-7 

Mean 67-9 -f  0-3 

The  distance  between  the  two  D  lines  is,  therefore,  exactly  deter- 
mined, with  the  exception  of  a  probable  error  of  ^  Jg.  According 
to  the  above,  however,  a  change  of  the  distance  between  the  source 
of  light  and  the  spectroscope,  with  a  velocity  of  4  miles  a  second, 
would  produce  a  mutual  displacement  of  the  lines  of  both  spectra, 
equal  to  J  of  that  distance,  a  magnitude  about  40  times  greater 
than  the  probable  error  in  the  mean  of  9  readings. 
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If,  in  the  observation  of  the  spectra  of  stars,  a  sufficient  amount 
of  light  can  be  employed,  we  can  definitely  decide,  by  the  above 
means,  whether  or  not  the  expected  displacement  of  the  spectral 
lines  occurs.  As  regards  the  amount  of  light  necessary,  T  may  ob- 
serve, that  I  use  a  non-achromatic  lens  of  1  Paris  foot  diameter  and 
6  feet  focus.  The  rays  from  this  lens  are  caught  by  a  concave 
meniscus  of  flint-glass,  a  few  inches  before  the  point  where  they 
meet,  and  are  thus  led  into  the  slit  of  the  spectroscope,  as  free  as 
possible  from  spherical  and  chromatic  aberration.  I  think  it  neces- 
sary to  call  especial  attention  to  the  fact,  that  it  is  immaterial 
whether  the  image  is  achromatic  or  not  when  a  slit  is  used,  espe* 
cially  if  only  parts  of  the  spectrum  are  observed.  On  this  account, 
the  above  construction  is  preferable  to  one  with  powerful  achroma- 
tic lenses,  as  being  less  expensive.  It  is,  however,  inapplicable 
when,  as  is  the  case  with  double  stars,  the  bodies  observed  must  be 
separated  as  sharply  as  possible. 

Finally,  I  may  be  allowed  to  make  a  few  remarks  on  problems 
and  methods  concerning  the  spectral  observations  of  the  sun,  in 
which  I  am  at  present  engaged. 

The  velocity  of  rotation  of  the  sun  is  such  that  a  point  of  its  equator 
moves  with  a  rapidity  of  about  0*25  German  miles  per  second.  If, 
now,  we  obtain  by  means  of  a  heliometer,  or  in  some  other  way,  a 
double  image  of  the  sun,  and  two  points  of  the  equatorial  edge  are 
made  to  touch,  then  parts  of  the  sun's  surface  at  the  point  of  con- 
tact will  approach  us  with  the  given  velocity,  while  others  will 
recede  from  us  with  the  same  velocity.  This  will  produce  a  differ* 
ence  of  velocity  of  the  parts  in  contact  in  the  line  of  vision  amount- 
ing to  about  half  a  German  mile.  According  to  what  has  been  said 
above,  such  a  velocity  would  make  a  change  in  the  position  of  the 
soda  lines  amounting  to  the  80th  part  of  the  distance  between  them. 
In  order,  therefore,  to  detect  and  measure  this  change  by  means  of  a 
sufficient  numberofprisms,  it  is  only  necessary  to  bringthe  centre-line 
of  the  slit  of  the  spectroscope  into  the  line  of  the  centres  of  the  two 
images  of  the  sun,  and  we  shall  see  the  two  spectra  of  the  edges  in 
contact,  side  by  side,  in  the  field  of  vision  of  the  spectroscope,  and 
thus  observe  the  displacement  in  question  under  the  most  favor- 
able circumstances.  In  this  manner  the  position  of  the  sun's 
equator,  and,  if  the  displacement  can  be  measured,  the  rotary  velo- 
city of  different  heliographic  latitudes  could  be  determined,  which 
Vol.  LVIII.— Thirp  Sekim.— No.  6.— Deckmber,  1869.  52 
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"Vf  ould  be  of  the  highest  interest,  with  respect  to  the  latest  opinions 
on  the  subject. 

Even  disregarding  the  quantitative  determination  of  the  pheno- 
menon in  question,  the  mere  qualitative  proof  would  aflford  a  simple 
means  of  separating  all  lines  produced  in  the  suii^s  spectrum  by  the 
absorption  of  the  earUCs  atmosphere  from  those  which  owe  their  origin 
to  the  solar  atmmphere,  since  the  displacement  can  obviously  extend 
only  to  the  latter. 

Another  subject  for  spectroscopic  research  are  the  protuberances 
of  the  sun.  Lockyer  and  Janssen  were  the  first  who  succeeded  in 
observing  the  spectrum  of  the  protuberances  (which  consists  of 
three  bright  lines)  independently  of  a  total  eclipse. 

At  present,  exertions  are  made  to  devise  methods  for  observing 
not  only  these  lines,  but  also  the  whole  shape  of  the  protuberances 
together. 

The  length  of  the  bright  lines  corresponds  to  the  size  of  the  pro- 
tuberance in  the  direction  of  the  slit.  If,  therefore,  the  slit  is 
brought  successively  in  diflFerent  positions,  so  that  it  cuts  the  pro- 
tuberance in  many  directions,  we  can  construct  the  shape  of  the 
latter,  as,  indeed,  Lockyer  has  already  done.  Based  upon  this 
principle,  Janssen  proposes  to  construct  a  rotating  spectroscope,  so 
that  the  whole  shape  of  the  protuberance  can  be  seen  at  one  glance 
when  the  spectroscope  is  revolved  with  sufficient  rapidity. 

Apart  from  the  mechanical  difficulties  of  such  a  rotating  spectro- 
scope, in  which  one  of  the  three  bright  lines  must  lie  exactly  in  the 
axis  of  rotation,  the  end  in  view  can  be  more  easily  and  perfectly 
attained  by  making  the  slit  oscillate  perpendicularly  to  its  direction. 
In  this  way  we  could  observe  the  same  protuberance  simultane- 
ously in  three  differently  colored  images,  corresponding  to  the  three 
different  lines  of  its  spectrum. 

According  to  these  methods,  with  a  movable  slit,  the  brightness 
would  be  diminished  in  proportion  to  the  distance  traveled  over  by 
the  slit.  Especially  in  the  rotating  spectroscope,  the  brightness  of 
the  protuberance  itself  would  decrease  from  the  centre  of  rotation 
to  the  edge,  and  thus  prevent  the  observation  of  the  natural  bright- 
ness of  its  parts. 

For  this  reason,  I  intend  to  employ  another  very  simple  arrange- 
ment, a  have  convinced  myself  of  its  practicability  by  the  experi- 
ments on  terrestrial  sources  of  light  described  below.  The  principles 
upon  which  it  is  based  are  as  follows: — 
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1.  The  apparent  brightness  (lustre,  clarilas  visa)  of  a  protuberance- 
band  is  independent  of  the  opening  of  the  slit,  provided  that  it  retains 
an  appreciable  breadth  on  the  retina. 

2.  The  brightness  of  the  superposed  spectrum  increases  in  pro- 
portion to  the  width  of  the  slit. 

3.  In  oscillating  or  rotating  slits  the  brightness  of  the  superposed 
spectrum  remains  unchanged,  while  that  of  the  image  of  the  protu- 
berance produced  by  the  permanence  of  the  light,  decreases  accord- 
ing to  another  law,  depending  upon  the  number  and  duration  of 
the  impressions  on  the  retina,  and  on  the  refrangibility  of  the  ob- 
served band  of  the  protuberance. 

If,  for  simplicity,  we  suppose  that  the  whole  surface  over  wbicb 
the  slit  travels  in  its  rotation  or  oscillation  is  filled  with  the  protu- 
berance, and  that  the  intensity  of  the  produced  secondary  image  is 
in  inverse  ratio  to  that  surface  (corresponding  to  a  uniform  diflfusion 
of  the  light  over  that  surface  through  a  stationary  slit),  then  the 
relation  of  the  intensity  of  the  background  to  that  of  the  protuber- 
ance would  remain  the  same,  whether  we 

Firsts  decrease  the  brightness  of  tlie  protuberance  by  means  of 
oscillation  of  the  slit,  and  thereby  leave  the  brightness  of  the  super- 
posed spectrum  or  background  (according  to  2)  unchanged,  or 

Secondly^  open  the  stationary  slit  so  widely  that  the  opening 
extends  over  the  space  traveled  over  by  the  oscillation  of  the  slit 
in  the  first  case.  By  this  means  (according  to  1),  the  apparent 
brightness  of  the  protuberance  remains  unchanged,  while  that  of  the 
background  is  increased  in  the  same  ratio  in  which  it  was  diminished 
before  with  a  constant  background. 

If  these  suppositions  are  correct,  the  end  in  view  can  be  much, 
more  easily  attained  in  the  second  way,  if  we  take  care  not  to  admit 
the  intense  light  of  the  body  of  the  sun  into  the  slit. 

It  is  only  necessary  to  open  the  slit  so  far  that  the  protuberance, 
or  a  portion  of  it,  appears  in  the  opening.  By  polarizing  or  absorb, 
ing  media,  placed  before  the  eye-piece,  the  light  in  the  whole  field  of 
view,  can  be  sodiminished  that  the  proper  relation  of  intensity  between 
the  protuberance  and  the  superposed  spectrum  may  be  obtained. 

Led  by  these  considerations,  I  have  tried  to  realize  the  circum- 
stances under  which  the  protuberances  are  visible,  with  the  aid  of 
terrestrial  sources  of  light,  in  order  to  test  both  methods,  and  con- 
vince myself  of  their  practicability.  The  following  observation  is 
necessary  to  the  better  understanding  of  these  experiments. 
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The  reason  why  the  protuberances  are  not  visible  on  diaphragm- 
ing  oflF  the  intense  image  of  the  sun  is,  that  strongly  illuminated 
portions  of  our  atmosphere  lie  above  and  cover  the  image  of  the 
protuberances.  In  a  total  eclipse  of  the  sun  this  illumination  is  so 
considerably  weakened  that  the  intensely  luminous  protuberances 
stand  out  from  the  illuminated  portions  of  the  corona.  How  much 
the  diflused  light  of  our  atmosphere  is  weakened  is  seen  in  the  fact 
that  its  mean  strength  is  about  equal  to  that  of  the  full  moon.  Ac- 
cording to  my  photometric  measurements,  this  illumination  is 
618,000  times  less  than  that  produced  by  the  sun.  Therefore,  the 
selective  absorption  of  colored  media  must  be  in  the  same  relation 
to  the  homogeneous  light  of  the  protuberances,  if,  as  has  been 
attempted,  we  try  to  make  the  protuberances  visible  in  this  way 
without  dispersion. 

On  the  other  hand,  the  possibility  of  accomplishing  our  object 
by  means  of  the  prism,  by  the  dispersion  of  the  superposed  atmo- 
spheric light,  rests  mainly  upon  the  fact  that  this  light  is  composed 
of  rays  of  all  degrees  of  refrangibility,  while  that  of  the  protuber- 
ances consists  only  of  3  kinds  of  rays. 

I  have  artificially  produced  the  superposition  of  a  non-homogene- 
ous mass  of  light  on  a  body  of  well-defineqi  outline,  and  shining 
with  a  homogeneous  light,  in  the  following  way: — 

The  wick  of  an  alcohol  flame  was  impregnated  with  common 
salt  and  chloride  of  lithium.  At  a  distance  of  18  feet  from  this 
flame,  plate  of  glass  was  placed  at  an  angle  of  45°  to  the  line  of  ob- 
servation, so  that  the  reflected  image  of  a  petroleum  flame  covered 
weak  alcohol  flame,  and  rendered  it  entirely  invisible  by  its 
greater  intensity.  About  1  foot  from  the  mirror  was  a  small  lens, 
of  6-inch  focus,  which  threw  a  small  image  of  the  alcohol  flame 
into  the  slit  of  the  spectroscope.  The  latter  was  fastened,  at 
one  end,  to  a  spring  10  inches  long,  so  that,  by  disturbing  its  equi- 
librium, oscillations  of  sufficient  amplitude  would  be  produced  for 
the  space  of  about  6  minutes. 

Then  the  width  of  the  slit  was  so  far  diminished  that  the  double 
line,  D,  and  the  lithia  line  (although  proportionally  weaker)  ap- 
peared sharply  defined  in  the  field,  when  the  apparatus  was  at  rest. 
As  soon  as  the  oscillations  commenced,  these  lines  were  converted 
into  sharp  images  of  the  alcohol  flame,  and  the  two  soda  images 
overlapped  about  one-half.  These  three  images  were  less  bright 
than  the  three  light  lines,  and,  consequently,  their  contrast  with 
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the  diffusely  illumiDated  background  of  the  spectrum  was  also  pro- 
portionally less  marked  than  that  of  the  lines  when  the  slit  was 
stationary. 

As  soon  as  I  tried  the  second  of  the  above  methods  by  opening 
the  slit  (keeping  the  apparatus  at  rest)  so  far  that  the  image  of  the 
alcohol  flame  was  just  enclosed  by  the  rectangular  opening  of  the 
slit,  I  was  astonished  at  the  far  greater  beauty  and  clearness  of  the 
contrast  of  the  images  with  the  background. 

It  seems,  therefore,  that  there  is  a  greater  loss  of  light  when  an 
oscillating  slit  is  used  than  in  the  latter  method. 

As  will  be  readily  seen,  there  is  no  principle  which  will  prevent 
the  application  of  this  method  to  the  observation  of  the  protuber- 
ances (the  author  has  not  yet  had  the  opportunity  of  doing  so) 
With  the  given  relation  of  intensity  between  the  homogeneous 
light  of  the  protuberances  and  that  of  the  superposed  atmosphere, 
the  practical  success  depends  merely  on  the  question  whether  a 
sufficiently  strong  dispersion  can  be  effected.  If  the  intensity  and 
clearness  of  the  protuberance  lines  observed  by  me  at  the  Berlin 
Observatory  on  the  24th  of  December,  1868,  warrant  the  conclusion 
that  the  light  of  the  protuberances  is  relatively  of  considerable  in- 
tensity, then  the  four  excellent  systems  of  prisms  at  present  in  my 
possession  will  probably  enable  me  to  solve  the  problem  of  the 
visibility  of  the  protuberances  in  a  satisfactory  manner,  according 
to  the  method  described. 

APPENDIX. 

Being  informed  that  Mr.  Lockyer  has  succeeded  in  observing  the 
protuberances  by  means  of  a  spectroscope  with  7  prisms,  I  will 
make  the  following  additional  statements : — 

The  spectroscope,  which  was  made  according  to  my  direction,  by 
Tauber,  of  Leipsic,  contains  but  one  prism,  d  vision  directed  by  Merz,  It 
was  attached  to  the  6-foot  Fraunhofer's  Refractor,  of  this  Observa- 
tory. The  height  of  the  slit  was  6'  20",  and  the  opening  varied 
according  to  the  height  and  size  of  the  observed  protuberance.  It 
is  most  advantageous  to  make  the  length  of  the  slit  a  tangent  to 
the  edge  of  the  sun.  In  this  way  we  see  more  of  the  edge  at  once, 
and  we  are  also  enabled  to  determine  the  angle  of  position  of  the 
protuberance  more  exactly,  since  the  sun's  first  entrance  in  the  slit 
produces  a  flash  of  a  narrow  tape-like  spectrum  in  the  middle  of 
the  field  of  view.   The  point  where  this  flash  appears  can  be  easily 
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brought  to  the  place  of  the  protuberance  by  turning  the  spectro- 
scope around  the  axis  of  its  length,  and  the  slit  then  forms  a  tangent 
to  that  spot  of  the  sun's  edge  which  is  occupied  by  the  protuber- 
ance. The  position  of  the  spectroscope  can  then  be  read  ofif  on  a 
graduated  circle,  and  thus  gives  the  angle  of  position  of  the  protu- 
berance. 

We  may  avail  ourselves  of  two  different  methods  of  bringing  the 
different  points  of  the  sun's  edge  into  the  slit.  According  to  one, 
the  object  glass  of  the  refractor  is  so  fastened  in  a  ring  that  its  opti- 
cal axis  is  inclined  about  15'  to  the  longitudinal  axis  of  the  tube. 
If  this  ring  is  turned,  by  means  of  a  screw  on  the  tube,  the  optical 
axis  of  the  object-glass  will  describe  a  cone  of  about  30'  aperture,  so 
that  different  portions  of  the  sun's  edge  are  brought  successively 
into  the  focus  before  the  centre  of  the  slit.  Of  course,  the  position 
of  the  latter  must  be  varied  in  a  corresponding  manner  by  turn- 
ing the  spectroscope. 

According  to  the  other  method,  which  has  the  advantage  of  an 
unchanged  position  of  the  slit,  the  rays  are  passed  through  a  ao-called 
reversion-prism  before  they  unite  to  form  an  image.  If  this  prism 
is  turned  about  the  axis  of  the  instrument,  the  image  of  the  sun 
will  also  rotate  about  its  centre,  and  thus  allow  different  portions 
of  its  edge  to  fall  successively  upon  the  slit.  The  angle  of  position 
is  then  determined  by  the  position  of  the  prism  of  reversion. 

The  size  of  the  image  of  the  sun  in  the  refractor,  or,  in  other 
words,  the  focal  distance  of  the  object-glass  used,  plays  a  very  im- 
portant part  in  the  whole  method.  From  the  theory  of  the  method 
stated  above,  it  follows  that  with  the  same  spectroscope  the  contrast 
between  the  protuberance  and  the  background  depends  solely  on 
the  opening  of  the  slit.  Since,  with  a  constant  aperture,  the  smaller 
the  sun's  image,  the  greater  the  portion  of  the  protuberance  seen  at 
once,  it  follows  that  we  must  not  seek  to  magnify  the  protuber- 
ance to  be  observed  by  means  of  the  sun's  image,  i.e.,  by  a  large 
focal  distance  of  the  object-glass  of  the  refractor,  but  by  the  arrange- 
ment of  the  lenses  of  the  spectroscope.  It  can  easily  be  accom- 
plished by  using  a  collimator  with  a  small  focal  distance  in  com- 
parison to  that  of  the  telescope.  Suppose  we  have  a  refractor  of 
10  feet  focal  distance,  to  be  used  in  conjunction  with  a  spectroscope 
in  which  the  focal  distances  of  both  object-glasses  are  equal.  If  it 
is  now  necessary  to  open  the  slit  until  the  aperture  is  one  milli- 
metre, in  order  to  observe  a  protuberance  of  a  certain  size,  this 
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opening  could  be  reduced  to  ^V  millimetre,  if  the  image  of  the  sun 
were  only  ^'^j  as  large,  which  would  still  leave  the  whole  of  the 
protuberance  visible  while  giving  it  a  ten-fold  greater  contrast  with 
the  background  of  the  spectrum.  Xow,  in  order  to  magnify  the 
protuberance  in  X\\q  field  of  view,  so  as  to  make  up  for  what  it  lost 
bj  reducing  the  size  of  the  sun's  image,  it  is  only  necessary  to  make 
the  focal  distance  of  the  collimator  10  times  shorter  than  that  of 
the  spectroscope.  Using  the  same  illustration,  we  would  obtain  an 
effect  10  times  better  with  the  same  optical  magnifying  power  and  the 
same  system  of  prisms  if  instead  of  a  10-foot  refractor,  a  telescope  of 
only  1  foot  focal  distance  were  used,  making  the  focal  distance  of 
the  collimator  about  2  inches  and  that  of  the  observing  telescope 
20  inches.  The  excellence  of  the  images  is  very  little  influenced 
by  the  system  of  lenses,  since  the  errors  from  chromatic  observa- 
tion entirely  disappear  on  account  of  the  homogeneous  nature  of  the 
light  of  the  protuberance.  For  this  reason,  as  I  have  convinced 
myself  by  numerous  experiments,  non-achromatic  lenses  can  be 
used  for  such  combinations.  The  extraordinarily  small  space  into 
which  the  instruments  for  the  observation  of  the  sun's  protuberances 
can  be  brought  by  this  means,  allows  the  employment  of  finely- 
regulated  clock-work,  and  thus  opens  the  prospect  of  producing  an 
artificial  total  eclipse  of  the  sun  of  any  desired  d,urationfor  the  simul- 
taneous observation  of  all  the  protuberances  on  the  sun^s  edge. 


Coloring  of  Small  Metallic  Objects. — M.  Pusher  makes  a  so- 
lution of  four  ounces  of  hyposulphite  of  soda  in  a  pint  and  a  half 
of  water,,  and  adds  a  solution  of  one  ounce  of  acetate  of  lead  in  the 
same  quantity  of  water.  Articles  to  be  colored  are  placed  in  the 
mixture,  which  is  then  gradually  heated  to  a  boiling  point.  The 
effect  of  this  solution  is  to  give  iron  the  effect  of  blue  steel,  zinc 
becomes  bronze,  and  copper  or  brass  becomes  successively  yellow- 
ish red,  scarlet,  deep  blue,  bluish  white,  and  finally  white  with  a 
tinge  of  rose.  This  solution  has  no  effect  on  lead  or  tin.  By  re- 
placing the  acetate  of  lead  in  the  solution  by  sulphate  of  copper, 
brass  becomes  of  a  fine  rosy  tint,  then  green,  and  finally,  of  an 
iridescent  brown  color.  Zinc  does  not  color  in  this  solution,  it 
throws  down  a  precipitate  of  brown  sulphuret  of  copper,  but  if 
boiled  in  a  solution  containing  both  lead  and  copper,  it  becomes 
covered  with  a  black  crust,  which  may  be  improved  by  a  thin  coat- 
ing of  wax.  If  the  lead  solution  be  thickened  with  a  little  gum 
tragacanth,  and  patterns  be  traced  with  it  on  brass,  which  is  after- 
wards heated  to  212*^,  and  then  plunged  into  solution  No.  1  a  good 
effect  is  produced. 
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SPECTROSCOPIC  NOTES. 

By  Prof.  C.  A.  Touno,  of  Dartmouth  College. 

Observations  on  the  Solar  Prominences. 

Sept.  16th,  1869.— 2  to  8.30  P.  M.    Clear  and  calm. 
Protuberances  were  observed  on  the  sun's  limb  as  follows : 


No. 

Position. 

Solar 
Latitude. 

Height. 

Remarks. 

1 

0« 

+  64« 

20^' 

2 

70 

+  46 

35 

S 

182 

—  16 

15 

Small,  but  very  bright. 

4 

160 

—  44 

20 

Small  and  fuint. 

5 

175 

—  69 

60 

Faint. 

5 

238 

—  52 

20 

7 

337 

+  41 

45 

Pretty  bright. 

Sept.  2iih. — 1.50  to  4  P.M.    Flying  clouds  and  a  fresh  breeze. 
Protuberances  noted  as  follows : 


No. 

Position. 

Latitude. 

Height. 

Remarks. 

1 

65° 

+  52« 

15'^ 

Bright. 

2 

90 

+  27 

30 

(I 

8 

102 

+  15 

85 

Faint. 

4 

150 

™  33 

66 

Diffuse  and  nebulousj  rather  faint. 

6 

165 

—  48 

55 

Of  medium  brightness. 

6 

240 

—  66 

85 

ib^^  long.     Nebulous  and  diffuse. 

7 

250 

—  46 

15 

Pyramidal  and  well  defined. 

8 

285 

™  12 

20 

Bright.     Mushroom  formed. 

9 

3420  to  855° 

-f  45«to58° 

45^'  to  70^^ 

Large  and  bright,  3  distinct  peaks. 

On  the  eastern  limb  (position-angle  97°)  there  was  a  spot  within 
10"  of  the  edge  of  the  disc.  There  was  no  prominence  over  or  very 
near  it,  but  if  anything  the  chromosphere  was  somewhat  shallower 
just  at  that  point. 

At  2.50  P.  M.  XI  distortion  of  the  F  line  was  noticed  at  a  point  on 
the  sun's  disc  about  30"  from  the  edge,  and  some  20"  east  of  an 
extensive  cluster  of  spots  near  the  eastern  limb. 
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Fig.  12. 


At  one  time  there  was  a  little  bulb  attached  by  a  short  ligament 
to  the  upper  (more  refrangible)  edge  of  the  line,  and  extending  dis- 
tinctly beyond  the  fine  iron  line  which  lies  just  above  it. 
Some  10"  below  the  bulb  there  was  a  small  lump  on  its 
other  edge,  and  between  them  it  was  irregularly  thickened. 
Fig.  12  represents  the  appearance  of  F  during  the  pheno- 
menon. 

The  bulb  lasted  only  about  one  minute,  but  more  or  less 
deformation  of  the  line  was  evident  for  about  ten  minutes, 
and  was  observed  also  on  the  C  line  though  not  so  clearly. 
It  could  not  be  detected  in  D3  (1017-5). 

The  observations  this  day  were  somewhat  interfered  with  by  the 
clouds,  and  still  more  by  the  wind,  which  at  times  made  the  instru- 
ment so  unsteady  as  to  render  the  determination  of  the  position- 
angles  uncertain,  possibly  to  the  extent  of  10°  in  the  worst  cases. 

Sept.  2%th.—b  to  5.30  P.  M. 


No. 

Position. 

Latitude. 

Height. 

Remarks. 

1 

60° 

+  67« 

20" 

2 

163 

—  46 

45 

8 

172 

—  65 

35 

Fig.  10,  Plata  I.     Very  bright. 

4 

215 

-62 

80 

5 

345 

+  48 

120 

Faint  and  diffuse. 

No.  3  was  intensely  bright  and  of  very  curious  form,  much  like 
the  gable  end  of  a  roof.  I  have  endeavored  to  represent  it  in  Fig. 
10,  Plate  I.  It  was  probably  formed  by  two  pillars  of  flame  (?) 
standing  at  opposite  angles  of  inclination  one  behind  the  other,  in 
this  respect  imitating  the  structure  of  the  "  antelope  horn  "  protu- 
berance, which  was  so  conspicuous  on  the  eastern  limb  of  the  sun 
during  the  late  eclipse. 

Sept,  30^A.— 3.45  to  5  P.  M.    Air  hazy. 


No. 

Position. 

!    Latitude. 

4-  53«> 
^  33 

Height. 

35'^ 
30 

Remarks. 

1 
2 

65« 
85 

A  little  horn,  inclined  45°  towards 
the  south. 

3 

92 

-f  26 

20 

4 

105 

•    4-  13 

30 

5 

175 

—  57 

30 

6 

230 

—  68 

45 

Brilliant,  Fig.  13. 

7 

247 

—  51 

35 

Faint,  a  cumulus  lump. 

8 

267 

'       -31 

1 

60 

Bright,  double.  Fig.  14. 
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Fig.  13,  Xo.  6,  Sept.  28th. 

Fig.  14,  No.  8,  Sept.  28th. 

Oct.  1st. — 2  to  4.15  p.  M.     Flying  clouds  troublesome. 


No. 

Position. 
76« 

Latitude. 

Height. 

Kemarks. 

1 

+  43° 

66^' 

Bright  at  base. 

2 

150 

-32 

35 

Brilliant. 

3 

166 

—  47 

60 

Faint. 

4 

282 

—  66 

45 

5 

245 

—  63 

f/0 

Clouds  interfered. 

6 

270 

—  28 

30 

Faint,  mushroom  shaped,  Fig.  15. 

7 

835 

+  37 

55 

Bright,  Fig.  16. 

Fig.  16,  No.  6,  Oct.  1st. 


Fig.  16,  No.  7,  Oct.  Ist. 


Oct.  2d — 2  to  3.15.     Too  windy  for  satisfactory  work. 


No. 


Position. 


Latitude. 


1 

70<»  to  80° 

4-  38°  to  48= 

o 

118° 

3 

150 

™  32 

4 

237  to  242 

—  56  to  61 

6 

276 

—  22 

6 

340 

+  42 

Remarks. 


Extensive  range,  bright  at  points. 

Faint. 

A  detached  cloud  25'^  above  limb, 

£0"  dinmeter,  Fig.  17. 

Length  W. 
Double  headed. 
A  vertical  pillar. 


Fig.  17.  No.  8,  Oct.  2d. 


Of  these,  Xos.  1,  3  and  7  are  evi- 
dently the  same  with  Nos.  1,  2  and  6 
of  the  preceding  day.  It  is  doubtful 
whether  No.  4  can  be  identified  with 
either  4  or  5  of  Oct.  1st. 
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Oct,  7^A.— 1.30  to  4.15  P.  M.     Everything  favorable  to  observa- 
tion. 


No. 


Position.     '    Latitude.  Height. 


Remarks. 


1 

70°  to  78«> 

-f  40°  to  48° 

12C" 

Enormous.     Fig.  5,  Plato  I. 

2 

90  to  95 

4-  23  to  28 

45 

Faint. 

3 

100 

+  18 

25 

Very  small  and  faint. 

4 

125 

—     7 

75 

Magnificent,  PI.  I,  Figs.  1 , 2, 3  &  4. 

6 

145  to  150 

—27  and  32 

30  and  85 

Two  small  curved  horns. 

6 

183 

—  66 

20 

Small  but  brilliant  peak. 

7 

264 

—  34 

15 

Surrounded  by  nebulosity. 

8 

280 

—  18 

60 

Pretty  bright.    Hazy. 

9 
10 

316 
332 
855 

+  18 
+  34 
+  57 

25 

Long  low  mass  of  cumulo-stratus. 
Small  horizontal  cloud  15'^  above 

11 



45 

th«  limb,  16"  by  6". 
Brilliant  and  of   curious  form. 
Plate  I|  Fig  9. 

Several  of  the  prominences  observed  this  day  were  very  remark- 
able.^ No  1  was  of  enormous  magnitude  and  singular  form,  which 
I  have  endeavored  to  represent  in  Plate  I.,  Fig.  5,  (taken  at  2.45.) 
The  structure  of  the  large  faint  mass  was  rather  cumulus  except 
upon  the  following  edge,  which  was  more  filamentary  and  cirrus. 
The  smaller  but  much  more  brilliant  peak  was  very  like  the  flame 
of  a  bonfire  in  its  general  appearance.  No.  11,  represented  in  Fig. 
9,  Plate  I.,  was  noticeable  for  its  brilliance  and  the  verticality  of 
its  component  filaments.  This  was  in  striking  contrast  with  the 
structure  of  No.  4  in  which  the  elementary  flocculi  were  nearly 
horizontal.  This  latter  protuberance,  taking  everything  into  ac- 
count, its  magnitude,  brightness,  the  rapidity  of  its  changes,  and 
their  suggestive  character,  was  the  most  remarkable  I  have  yet  ob- 
served, with  perhaps  one  exception.  Fig.  1,  Plate  I.,  delineates 
its  appearance  at  2.20  P.  M.  Fifteen  minutes  later,  accidentally  re- 
turning to  it,  I  was  astonished  to  find  it  as  represented  in  Fig.  2, 
and  while  I  was  sketching  it,  unless  my  eyes  greatly  deceived  me, 
the  pointed  extremity  flickered  hack  and  forth  to  the  extent  of  5" 
(2,250  miles)  in  as  many  seconds  of  time.  The  motion  was  both 
lateral  and  longitudinal  like  a  tongue  of  flame,  not  apparently  a 
mere  pulsation  of  light.  I  record  this  with  some  misgiving,  know- 
ing how  easily  the  eye  may  be  cheated  by  the  imagination,  but  at 
the  time  the  impression  was  one  of  certainty.     Fig.  3  shows  the 
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appearance  of  the  prominence  at  2.55..  The  little  projections  from 
the  chromosphere  are  nearly  gone,  and  the  cloud,  which  floated 
above,  has  united  with  the  main  body.  Fig.  4  was  taken  at  3.30; 
the  prominence  then  was  certainly  not  more  than  one-fourth  as  bril- 
liant as  when  first  observed.  (On  the  next  day,  as  will  be  seen,  it  was 
hardly  visible.)  At  3  it  distinctly  reversed  the  two  magnesium 
lines  Jj  and  b.^  for  about  10"  in  its  stem.  It  also  showed  a  bright 
line  clear  and  unmistakable  at  K  2581*5,  as  determined  by  direct 
reference  to  KirchhofF's  map.  It  was  not  the  upper  magnesium  line, 
which  is  situated  at  2567,  nor  could  I  make  out  any  bright  line 
there. 

This  observation  has  led  me  to  doubt  whether  the  line  given  in 
my  eclipse  report  at  K  2602  is  rightly  placed.  A  correction  of  one 
revolution  of  the  micrometer  screw,  by  means  of  which  its  position 
was  referred  to  2796,  would  give  2582*5  for  its  true  position ;  and 
I  might  easily  have  committed  such  an  error  in  the  excitement 
and  haste  of  the  moment. 

At  1.40  a  curious  phenomenon  was  seen  on  the  body  of  the  sun 
at  a  point  about  35"  distant  from  the  limb  (position-angle  266°). 
It  was  seen  on  both  the  C  and  F  lines,  but  best  on  the  former.  The 
line  was  slightly  bulged  for  about  8"  in  length,  and  both  above  and 
below  the  bulge  there  was  a  little  blaze  of  light  extending  some  5" 
or  10"  each  side  of  the  dark  line,  but  without  reversing  it.  The  ap- 
pearance is  just  what  is  seen  on  bisecting  a  bright  star  with  a  wire 
not  quite  thick  enough  to  cover  it.  Plate  I.,  Fig.  11,  (the  lower 
portion)  represents  the  phenomenon. 

Oct.  8th. — 1.50  to  4  P.  M.     Weather  very  fine  for  observation. 


No. 

Position. 

Latitude. 

+  48 

Height. 

1 

70O 

135'' 

2 

95 

+  23 

25  to  35 

8 

125 

™     7 

45 

4 

170 

—  52 

30 

6 

184 

—  66 

15 

6 

237 

—  61 

30 

7 

255 

—  43 

35 

8 

290 

—     8 

15 

9 

840 

+  42 

25 

Remarks. 


'  Enormous,  Fig.  6,  Plato  I. 
I  Three  summits,  bright. 
I  Faintflocculi,detached  from  limb. 
Faint. 


Very  bright  and  curious. 

7  and  8,  Plata  I. 
Bright  though  small. 

Faint. 


Fis». 


A  day's  interval  had  entirely  altered  the  appearance  of  No.  1,  as 
is  at  once  evident  on  comparing  Figs.  5  and  6,  Plate  T.    (The  lat- 


Digitized  by  VjOOQ IC 


Spectroscopic  Notes. 


421 


ter  was  taken  at  8.30  P.M.)  No.  2  had  become  much  more  con- 
spicuous than  on  the  day  preceding.  No.  3  would  very  likely  have 
escr.ped  notice  had  not  attention  been  naturally  directed  to  the  point 
where  so  magnificent  phenomena  were  exhibited  only  twenty-four 
hours  previously.  Nothing  remained  but  mere  debris,  a  few  faint 
filaments  of  nebulosity  floating  above  the  limb.  No.  5  is  undoubt- 
edly identical  with  No.  6  of  the  7th,  and  hardly  altered.  No  7  was 
an  active  little  afikir,  which  varied  in  form  with  great  energy  and 
rapidity,  as  will  be  evident  on  comparing  Figs.  7  and  8,  Plate  I. ; 
the  first  representing  its  appearance  at  2.30  and  the  second  at  4  P.M. 

For  about  ten  minutes  (2.25  to  2.35)  the  C  line  in  the  spectrum 
of  a  brilliant  floccule  on  the  upper  right  hand  extremity  in  Fig.  7, 
presented  the  appearance  depicted  in  the  upper  part  of  Fig.  11,  Plate 
I.  For  about  7"  the  line  was  double  and  this  when  the  slit  was 
closed  to  the  utmost,  showing  that  the  doubling  originated  not  in  a 
mere  juxta-position  of  two  masses  of  moving  gas,  but  in  their  super- 
position, one  in  front  of  the  other ;  one  of  them  receding  from  us  at 
the  rate  of  some  60  miles  per  second. 

Oct.  Wth. — 3.30  to  5  P.  M.     Clear  but  too  windy  for  sketching. 


No. 

Position. 

Latiludc. 

Height. 

1 

70°  to  85° 

+  32°  to  47° 

180^' 

2 

102 

+  15 

35 

3 

125 
138 

—  8 

—  21 

4 

30 

5 

IGO 

™  43 

45 

6 

170 

—  53 

30 

7 

240 

—  61 

60 

8 

2G0 

—  37 

35 

9 

815  to  830 

+  28  to  43 

50 

10 

353 

+  63 

35 

Remarks. 


Enormous,  ditTuse,  amorphous,  in 
several  masses,  nowhere  very 
bright. 

Faint. 

Small  faint  cloud  20-"  above  limb. 

Pretty  bright. 

Bright. 

Little  horn,  faint. 

Cirrus  and  flocculent,  fairly  bright. 

Bright. 

A  long  mass  of  cumulus  form. 

Bright,  a  low  flat  arch,  Fig.  18. 


I  suppose,  though  it  hardly  seems 
possible,  considering  that  since  the 
7th  the  sun  had  rotated  more  than 
45°,  that  No.  1  of  this  day  must  be 
identical  with  No.  1  of  the  7th  and 
and  8th.    No  spot  appears  at  or  near  Fig.  18,  No.  lo,  Oct.  lith. 

its  base.    No.  3  seems  also  to  be  the  remainder  of  the  great  promi- 
nence of  the  7th,  but  this  is  very  doubtful. 
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Oct  22d.—2  to  4  P.  M.    Ratlier  windy. 


No. 

Position. 

Latitude. 

Height. 

Remarks. 

1 

65*> 

+  620 

45'^ 

Faint. 

2 

120 

—    3 

25 

Small  and  faint. 

8 
4 

155 
165 

—  88 

—  48 

70 
85 

Bright.     A  nearly  straight  Ter- 

tical  pillar. 
2  horizontal  clouds,  cirro  stratus. 

5 

240 

™  57 

45 

Paint. 

6 

280  to  290 

—  12 

15 

Long  and  low. 

7 

885 

+  28 

15 

A  little  peak. 

8 

850 

+  53 

20 

Small  but  bright. 

Nov.  4^A.— 3.80  to  5  P.  M.     Calm  but  very  hazy. 


No. 

Position. 

Latitude. 

Height. 

Remarks. 

1 

45° 

+  70° 

35^/ 

A  little  horn  slightly  curved. 

2 

52 

+  63 

45 

Sabre-formed,  Cirrus  and  filmy. 

8 

93 

+  22 

Small  cloud  at  an  elevation  of  50", 

10^^  by  80^^ 

4 

115 

0 

25 

Small  and  faint. 

6 

127 

—  12 

20 

Very  bright.  Exactly  over  a 
small  spot  within  1^^^  of 
the  limb. 

6 

162 

—  87 

70 

Diffuse  and  structureless. 

7 

170  +  5 

—  55  +  5 

50 

Faint. 

8 

252 

—  43 

45 

Horn-shapedi  rather  faint. 

9 

260 

-86 

20 

A  little  horn  rising  from  a  hollow 
in  the  chromosphere,  near 
large  spot,  Fig.  19. 

10 

810 

+  16 

40 

Faint  and  nebulous. 

11 

830 

4-  35 

55 

Mushroom-shaped. 

12 

845 

+  50 

65 

Peculiar,  Fig.  20. 

Fig.  10,  No.  9,  Nov.  4th. 


Fig.  20,  No.  12,  Nov.  4th. 


From  the  observations  above  detailed  it  is  evident  that  the  spots 
and  prominences  obey  nearly  the  same  laws  in  respect  to  their  dis- 
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tribution  on  the  solar  surface;  but  the  prominences,  which  are 
far  more  numerous  than  the  spots,  approach  nearer  to  the  poles, 
and  are  more  frequently  found  on  the  equator.  I  have  never  yet 
been  able  to  watch  a  spot  in  its  passage  around  the  limb,  so  that  I 
could  observe  its  effect  on  the  chromosphere,  but  my  present  im- 
pression is  that  certain  depressions,  from  time  to  time  observed  in 
the  chromosphere,  (see  Fig.  19,)  are  due  to  spots  directly  under 
them.  In  only  one  case  (No.  6,  Nov.  4th)  have  I  found  a  promi- 
nence very  near  a  spot,  and  then  only  a  small  one.  The  spot  re- 
ferred to  in  connection  with  No.  9,  Nov.  4th,  was  about  25"  from 
the  limb.  Neither  did  spots  make  their  appearance  at  or  near  the 
base  of  the  great  protuberances  observed  Oct.  7th.  If  they  had 
they  must  have  been  seen  on  Oct.  11th.  Whether  the  prominences 
are  connected  with  the  faculae  is  a  different  question,  and  more 
likely,  I  think,  to  receive  an  affirmative  answer.  Their  structure, 
as  seen  in  my  instrument,  is  almost  invariably  that  of  the  most  gauzy 
cirrus,  composed  of  filaments  and  floccules  so  delicate  that  only  an 
accomplished  artist  could  hope  to  delineate  them,  and  of  which  my 
figures  hardly  give  an  idea.  Occasionally,  however,  they  assume 
the  apparent  solidity  of  a  cumulus  or  stratus.  They  are  often  sur- 
rounded by  a  hazy,  structureless  nebulosity  without  definite 
boundary. 

They  sometimes  appear  and  disappear  within  a  few  hours,  but  it 
would  seem  that  they  also  sometimes  remain  in  nearly  the  same 
position  for  several  days.  Probably  they  are  of  the  same  order  of 
permanency  as  the  spots  and  faculse. 

The  instrument  employed  in  these  observations  was  the  same 
5  prism  spectroscope  described  in  previous  numbers  of  this  Journal. 

The  forms  of  the  prominences  have  been  studied  by  opening  the 
slit  some  20"  or  25".  Only  the  smaller  ones  can  thus  be  seen  in 
their  whole  extent  at  once.  The  larger  ones  generally  have  to  be 
worked  out  piecemeal,  though  occasionally  one  is  bright  enough 
to  allow  the  entire  opening  of  the  slit.  This  was  the  case  with 
No.  4  of  Oct.  7th. 

The  dimensions  are  estimated,  the  basis  of  estimation  being  the 
known  angular  length  of  the  slit  3'  18",  determined  by  noting  the 
time  required  for  the  sun's  limb  to  pass  across  it.  Some  little  ir- 
regularities upon  the  jaws  of  the  slit,  which  give  rise  to  lines  run- 
ning longitudinally  through  the  spectrum,  greatly  aid  the  judgment, 
and  the  same  is  true  of  the  intervals  between  the  spectrum  lines 
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near  C,  (through  which  all  the  observations  have  been  made).  I 
think  the  estimates  reliable  within  5"  as  a  general  rule.  The  scale 
of  the  sketches  is  about  ^  J^  of  an  inch  to  a  second  of  arc,  which 
represents  very  nearly  their  apparent  size,  referred  to  the  limit  of 
distinct  vision,  and  corresponds  to  a  magnifying  power  of  206.  The  po- 
sition-angles are  determined  by  a  graduated  screen  on  the  piece  which 
carries  the  collimator  slit,'  and  are  correct  within  2°  or  3°,  unless 
near  0°  or  180°,  or  in  windy  weather,  when  the  probable  error 
might  be  from  two  to  three  times  as  great. 
Hanover,  N.  H.,  Nov.  6tb,  18G9. 

NoTK.-*Heving  just  received  the  volume  of  the  Comptes  Rendus  of  the  French 
Academy  of  Sciences  for  the  first  half  of  the  current  year,  I  find  that  I  have  been 
anticipated  by  M.  Faye,  in  respect  to  the  method  of  observing  the  contact  of  an 
opaque  body  with  the  disc  of  the  sun  by  means  of  the  spectroscope. 

At  the  Session  of  Monday,  January  11th,  1869,  he  proposed  essentially  the  same 
use  of  the  instrument  in  a  discussion  upon  the  observation  of  the  transit  of  Venus. 

Hanover,  Nov.  lOih,  1869. 

Explanation  of  Plate, 

Figs.  1,  2,  3  and  4  represent  the  different  forms  assumed  by  a 
very  brilliant  protuberance  observed  Oct.  7th — position-angle  125°. 
The  first  was  taken  at  2.20  P.  M.,  the  second  at  2.35,  the  third  at 
2.55,  and  the  fourth  at  3.30. 

Figs.  5  and  6  are  drawings  of  a  large  prominence  observed  Oct. 
7th  and  8th — position-angle  70°  to  80°.  Fig.  6  corresponds  to 
2.45  P.  M.  of  the  7th ;  Fig.  6  to  3.30  P.  M:  of  the  8th.. 

Figs  7  and  8  represent  a  small  but  active  little  prominence  ob- 
served Oct.  8th--position  angle  255°.  Fig.  7  gives  its  appearance 
at  2.30;  Fig.  8  at  4  P.  M. 

Fig.  9  represents  a  small  but  very  bright  goblet-shaped  promi- 
nence observed  Oct.  7th — position  angle  355°  ;  time  1.50  P.  M. 

Fig.  10  represents  a  small  prominence  observed  Sept,  28th — po- 
sition-angle 172° ;  time  5.10  P.  M. 

Fig.  11.  The  upper  portion  represents  a  doubling  of  the  bright 
C  line  observed  in  the  spectrum  of  the  prominence  delineated  in 
Figs.  7  and  8.  The  precise  point  of  the  prominence  which  pro- 
duced the  doubling  was  the  upper  right  hand  corner  in  Fig.  7. 

The  lower  portions  of  the  same  figure  represents  an  appearance 
observed  in  the  dark  line  C,  on  the  body  of  the  sun,  Oct.  7th,  1.40 
P.  M.,  at  a  point  35"  from  the  sun*s  limb— position- angle  266° 
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THE  FESTINIOG  RAILWAY. 

The  little  Festiniog  Railway,  of  2  feet  gauge,  presents  a  striking 
example  of  commercial  success,  and  did  its  yearly  accounts  come 
before  the  general  public  they  might,  perhaps,  create  a  feeling  of 
astonishment.  The  original  capital  of  the  company  was  36,000Z. 
applied  to  a  line  of  13  miles,  but,  their  borrowing  powers  being 
exhausted,  they  have  since  almost  reconstructed  their  line,  erected 
workshops,  manufactured  their  rolling  stock,  &c.,  wholly  out  of 
revenue,  until  the  whole  expenditure  now  stands  at  about  86,000i., 
the  company  having  this  year  obtained  powers  to  capitalize  the 
revenue  thus  applied. 

In  the  year  ending  June  30th,  1868,  the  train  mileage  was  46,732 
miles,  averaging  six  trains  each  way  daily  for  the  313  working 
days  of  the  year,  or,  say,  1,878  down  trains  loaded  with  slates. 
The  weight  of  slates  taken  into  Portmadoc  was  112,062  tons,  equal 
to  nearly  60  tons  per  train,  while  14,693  tons  of  merchandise  were 
carried  on  the  return  trips,  besides  passengers,  both  ways,  paying 
3,381Z.  The  slate  trucks,  of  course,  return  empty  from  Portmadoc 
to  the  quarries,  the  earnings  from  slate  traffic  being  wholly  derived 
from  the  down  trains,  although,  by  the  usual  railway  fiction,  the 
trains  which  really  run  all  the  way  down  hill,  are,  we  believe, 
called  "  up  trains."  The  carriage  of  slates  returned  15,798/.  18s.  7d., 
equal  to  nearly  2s.  lOd.  per  ton  carried,  for  the  13  miles  down,  or 
2d.  per  ton  per  mile,  and  13s.  6Jd.  per  down  train  per  mile.  The 
total  receipts  were  22,852i.  13a.  5d..  or  9s.  9|d.  per  train  mile  in 
both  directions.  The  working  expenses  were  9,700/.,  or,  say,  42 
per  cent,  of  the  earnings;  but  of  this  sum  1,223/.  were  royalties 
paid  under  the  name  of  "tonnages,"  779/.  were  parish  rates,  382/. 
passenger  duty  and  income  tax,  1,481/.  for  station  masters  and 
staff,  &c.;  the  charge  to  locomotive  department  being  700/.  only. 
The  actual  locomotive  expenses.are  very  moderate,  notwithstanding 
that  with  driving-wheels  but  2  feet  in  diameter,  and  with  coal  at 
15s.  per  ton,  the  cost  of  fuel  is  necessarily  rather  high.  Thus  it  will 
be  seen  that  the  net  profits  of  this  little  railway  have  amounted  to 
more  than  30  per  cent,  of  the  original  capital,  and  to  upwards  of 
12J  per  cent,  on  the  total  outlay  on  the  undertaking,  the  larger 
portion  of  which  has  been  paid  out  of  revenue. 
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Prooeadings  of  the  Stated  Montlily  Meeting,  KoTember  10th,  1869 

The  meeting  was  called  to  order  with  the  Vice-President,  Mr. 
Coleman  Sellers,  in  the  chair. 
The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  Minutes  of  the  Board  of  Managers 
and  reported  the  donations  received  at  the  stated  meeting  held  No. 
vember  10th  inst. : — From  the  Royal  Astronomical  Society,  the 
Zoological  Society,  the  Statistical  Society,  and  Francis  Cranmer 
Penrose,  Esq.,  London;  The  Literary  and  Philosophical  Society 
and  the  Association  for  Preventing  the  Explosion  of  St^am 
Boilers,  Manchester,  England;  TAcademie  des  Science,  Tlm- 
pereal  Ecole  des  Mines,  et  la  Societu  d'  encouragement  Plndustrie 
Nationale,  Paris,  France;  the  Natural  History  Society,  Montreal, 
and  the  Literary  and  Historical  Society,  Quebec,  Canada;  Hon. 
Hamilton  Fish,  Secretary  of  State,  Prof.  J.  H.  C.  Coffin,  Superin- 
tendant  of  the  American  Bphemeris  and  Nautical  Almanac,  the 
Smithsonian  Institution  and  Frederick  Emmerick,  Esq.,  Washing- 
ton, D.  C. 

The  Actuary  further  reported  that  Mr.  James  S.  Whitney  had 
resigned  his  membership  in  the  Board  of  Managers. 

The  various  Standing  Committes  reported  their  minutes.  The 
Resident  Secretary  read  his  report  on  Novelties  in  Science  and  the 
Mechanic  Arts,  after  which  the  meeting,  on  motion,  adjourned. 

Henby  Morton,  Secretary. 
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A  Dictionary  of  the  Solubilities  of  Chemical  Sub' 
stances.  Bj  Prof.  F.  H.  STORER,  of  the  Massachasetts  Institate 
of  Technology.  1  vol.  in  3  parts,  8  to.,  paper  covers,  per  part,  $2.00. 
Whole  work,  cloth,  $T.50. 

The  work  is  ezceedinglj  valuable  to  practical,  as  well  as  to  theoretical  chemists, 
and  the  apothecary  and  the  manufacturing  chemist,  will  find  its  pages  stored  with 
information  needed  on  numerous  occasions,  and  which  here  is  presented  to  them 
in  the  most  accessible  form." 

Chemical  Tables.  Bj  S.  P.  SHARPLES,  S.  B.  12  nro. 
cloth,  $2.25. 

This  collection  of  tables  has  been  prepared  with  great  care  under  the  supervision 
of  Dr.  Wolcott  Gibbs,  of  the  University  at  Cambridge,  and  will  be  found  of  great 
value,  both  to  the  student  and  the  practical  chemist. 

Jcones  JHuscorum  ;  or  Figares  and  Descriptions  of  most  of  those 
Mosses  peculiar  to  Eastern  North  America,  which  have  not  been  here- 
tofore figured.  By  WILLIAM  L.  SULLIYANT,  L.  L.  D.  With 
129  copperplates.     Royal  8  vo.     Cloth,  $16.00. 

Ft/rst  JPrtnciples  of  Chemical  Philosophy.  By  Prof. 
J.  P.  COOKE,  Jr.,  of  Harvard  College.  The  work  complete,  1  volume, 
12  mo.  cloth,  $5.50.  Part  I.  at  $2.50,  and  Part  II.  at  $3.50,  are  sold 
separately.     Part  I.  is  especially  adapted  for  a  text  book  in  colleges. 

Crystallography.  By  Prop.  J.  P.  COOKE,  Jr.,  of  Harvard 
College.    8  vo.  limp  cloth,  $1.25. 

iBunsen's  Flame  Meactions.  A  method  of  Analysis  in  which 
the  Oas  Lamp  is  substituted  for  the  Blow  Pipe.  Translated  by  Prof. 
C.  F.  HIMES,  Ph.  D,    Pamphlet  8  vo.  75  cents. 

jAirdner's  Hand-JSook  of  Optics.  A  new  and  revised  edition. 
12mo.  cloth,  $2.50. 

MiMthematical  Monthly.  1S59  to  1S61.  3  vols.  4to.,  cloth, 
$12.00.    Catalogues  of  Scientific  Works  sent  on  application. 

Any  of  the  above  sent  by  mail,  on  receipt  of  price,  by 

SEVER,  FRANCIS  &  CO., 

«p«1»il«lMra  and  Dealers  In  SCIBNTIFIC  XSD  BDCCATIONAI.  BOOKS^ 

21  Bromfleld  Street,  Boston. 
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STONE  BREAKER 


The  oflBlce  of  this  machine  is  to  break  stones  of  every  sort  to  a 
suitable  size  for  road  making,  railroad  ballasting  and  concrete,  and 
to  break  Ores  and  Minerals  of  every  kind  into  small  fragments, 
preparatory  to  their  further  comminution  by  other  machinery. 

It  has  now  been  in  use,  enduring  the  severest  tests,  for  the  last 
ten  years,  during  which  time  it  has  been  introduced  into  almost 
every  country  on  the  globe,  and  is  everywhere  received  with  great 
and  mcreasing  favor  as  a  labor-saving  machine  of  the  first  order. 

Illustrated  circulars,  fully  describing  the  machine,  with  ample 
testimonials  to  its  efficiency  and  utility,  will  be  furnished  on  appli- 
cation, by  letter,  to  the  undersigned. 

|^*The  patents  obtained  for  this  machine  in  the  United  States 
and  in  England  having  been  fully  sustained  by  the  courts,  after 
well  contested  suits  in  both  countries,  all  persons  are  hereby  cau- 
tioned not  to  violate  them ;  and  they  are  informed  that  every  ma- 
chine now  in  use  or  oflfered  for  sale,  not  made  by  us,  in  which  the 
ores  are  crushed  between  upright  convergent  &ces  or  jaws  ax^tuated 
by  a  revolving  shaft  and  fly-wheel,  are  made  and  used  in  violation 
of  our  patent. 

BLAKE  BROTHERS,  New  HaTen,  GoniL 
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BRASS  AND  IRON  FOUNDERS, 

Also,  Makers  of  Sugar  Mills,  Oil  Presses,  and  all  Machinery  of  that 

heavy  description  used  in  the  Arts  and  Manufactures.     More 

particularly  we  desire  to  call  attention  to  our 

OZL    iFI^ESSES, 

And  especially  for  Cotton  Seed,  which  is  daily  becoming  of  more  im 
portance,  from  the  value  of  the  Oil,  and  nutritious  quality  of  the 
Cake  as  an  article  of  Feed.     These  Presses  of  Fiva 
Bags  made  by  us  are  superior  to  any  others 
in  the  production  of  oil,  and  are  fur- 
nished with  the 

Crushing  Rolls  and  Heating  Pan,  and  Driving  Machiner}; 

ALSO  ALL  PART1CULA&8  IM  REOABO  TO 

FEE'S  k»ATENT  HULLING  MACHINERY  IN  CONNECTION. 
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BABLINO,  BROWH  &  SHABPE, 

IPBOTTLDEXCEp  B.  I.. 


MMJSjjTkvmum  or 


U.  S.  STAM)ARD  RULES, 

AMES'  irii5"IVEESAL  SQUARES, 

PATEBTT   HARDBNBD  CAST   STBSX  TRT  Sf^VARES,  THB  AMFFIGAIT 

^STANDARD  IVlRXS  GAUGE,  BlBVIBI.  PROTRAOTDBS,  HARDKNSD 

T  8<iUARES  AND  BEVIULS,  CENTRE  GAUOE9,B0X'V7O0D 

TRIANGUI.AR  SCAliBS,  VERNIER  CALIPERS, 

CAXIFBR  St^U ARES  *  RULES,  PLUMB 

BOBS,  PAPER  ORAIVINO 

SCALES, 

Willii'i  OdoDtographs,  Steel  Straight  Edges  and  T  Square  Blades. 

niaatratea  I^rloo  XAut  sent  per  mall  on  applioatlon. 

PECOHA.   P^IISTT  CO., 

150  North  Fonrth  Btreet,  PMladeliihla. 


This  Company  are  the  only 
Manufacturers  of  this  Paint. 
It  is  a  remarkably  beautiful 
color — ^is  adapted  to  Machin- 
ists^ and  Railroad  Companies 
use— giving  a  finish  to  tools 
and  machinery  superior  to 
anything  yet  introduced. 


BSSSatSSK'*^' 


BXrXS  TO 


^t^^tSa 


[Iztraet  fttm  TMtfmoBliil  Avm  KBBBIQK  4 

BOHff  BoQthvwk  Pou«tc7,FhllaM»UifcT 
««Mr.  S.  BowKK, 

See.  Peeora  Lead  06: 
Your  HETALUC  OEICSNT  ii  bet- 
ter than  red  or  white  lead  for  mskiiig 
STSAH  JOINTS  or  patehing.  Hot 
riyetg  do  not  affect  the  Cement;  we  nie 
it  in  Joints  of  light  tanki,  in  the  place 
of  caulking,  and  they  do  not  1^  ^i 
uee  it  also  on  gas-ho!«Bere. 

"J.J.  GBSSN^'IXLD, 
«  /brmaii  ({f  JMier  DepmHmaU.'' 
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PRACTIGAL  &  AKALTTIGAL  CHEMISTRT, 

Chant  Street,  Tenth  Street  below  MarJcet, 

(Saar  of  St  Steph»n*i  Oinreb  J 


ESTABLISHED  IN  183C. 


Instruction  given  in  CHEMISTRY,  MINERALOGY  and  GEOLOGY,  by  LEC 
TURES  and  PRACTICE,  with  especial  reference  to  ANALYSIS,  MANUFAC- 
TURES, AND  MEDICINE. 

Analyses  made  of  Ores,  Minerals,  Guanos,  Waters  and  articles  of  oommeroe 
and  manufacture.    Opinions  giyen  on  chemical  questions. 

BOOTH  It  GARRETT. 

Jahbb  0.  BOOTB, 
Tbos.  U.  Gaxutt. 
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PEOPLE'S    WORKS. 


Manufacturers  of 

High  and  Low  Pressare 
Stationary  Steam  Engines,  Sugar 
Mills,  Saw  Mills,  Grist  Mills,  Marine  Rail- 
ways, Blowing  Cylinders,  Pumping  Engines,  Hoist- 
ing,  Stamping  and  Mining  Machinery  in   general, 
Hydraulic  Presses,  Cranes,  Boilers,  Rolls,  Punching  Machines, 
Shafting,  Pulleys,  Hangers,  &c.,  and  Machinery  of  all  descriptions. 
Steam  Boilers,  Ship  Tanks,  Sugar  Boilers,  Cast  or  Wrought, 
Coolers,  Pans,  &c.    Soap  Pans  and  Curbs  of  all  sizes, 
either  Cast  or  Wrought.     Retorts,  Meters,  Stills, 
&c.   Steam  Pipes,  Building  Fronts,  Col- 
umns, &c.,  fitted  and  put  up. 
We  are  also  prepared  to  execute  all  orders  for  Heavy  and  Light 
Casting^,  either  in  green  Sand  or  Loam,  of  Iron  and  Brass,  at  the 
shortest  notice. 

JOHM  HlJJVSWORTn, 
JACOB  IVAYI.OR, 

Cor.  Q-irard  Avenue  and  Front  Streets, 

Kensington^  JPhiladelphia. 

LOCOMOTIVE  WORKS, 

BOO  sar.   3Bi:*oad  St^,   X'lxlla. 


Manufactare  Locomotiyi  Engines  of  the  moBt  approved  oonstruction  and 
p«rfe0t  adaptatioA  to  all  the  yariety  of  ciroumstances  under  which  they  can  be 
ueefullj  employed ;  ranging  in  weight  from  ten  to  thirty-six  tons,  and  using  one- 
half,  two-thirds,  three-foaruis,  or  the  whole  weight  for  adhesion,  as  the  grade  of 
the  road,  or  business  to  be  done,  may  render  desirable  or  necessary. 
Patterns  of  various  sizes  of  each  of  the  following  plans,  viz: 
Plan  A  and  B,  1  pair  drivers  and  trucks,  for  Passenger  business  exclusively. 
"     C  2        *•  "  **  or  Freight  business. 

"     D  3        "  "  ) 

'«     D  3       "  **  >  for  Freight  business  exclusively. 

«.      j;  4         a  .4  j 

The  D  and  £  plans  are  pardoularly  adapted  to  roads  having  heavy  grades  and 
abmpt  curves.  The  temporary  track  connecting  the  Eastern  and  Western  divi- 
bions  of  t)ie  Virginia  Central  Kailroad,  bavine  grades  of  295  feet  rise  per  mile,  and 
curves  of  300  feet  radius,  has  been  successfuUy  worked  for  two  years  past  by  six- 
wheel  D  Engines  of  our  make. 

'JTu  mcUenaU  and  workmansMpy  effuneney  and  durability  ^  economy  of  fad  and  r» 
pairt,  are  guarar  teed  equal  to  any  other  engines  in  use. 
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LA-BOH^TORY 

'FOR  THE 

ANALYSIS  OF  COALS,  GASES,  &c. 


Especial  attention  given  to  the  Analysis  of  Coals  and 

the  determination  of  their  fitness  for  the 

production  of  Gas,  or  for  use  in 

Smelting,  or  for  Steam 

purposes. 

Heating  power  expressed  in  value  of  best  hard  and  soft  coals 

in  the  market. 

ALSO, 

GAS  ENGINEERING  AND  COMMISSION  AGENCY, 

For  procuring  Coals,  Castings,  Fire-brick  and  Tile ;   and 

all  other  materials  for  the  construction  and 

repairing  of  Gas  Works. 


rOB  THX 

SELECTION  AND  PREPARATION  OF  COAL  FOR  ANALYSIS. 


In  the  selection  of  sampIeB  of  Coal  for  analytical  examination,  take  the  Bamples 
as  far  from  oat-crop  as  possible,  with  specimens  from  the  centre,  top  and  bottom 
of  Tein. 

It  is  well  to  collect  several  hundred  pounds  indiscriminately,  and  have  it  broken 
fine,  and  thoroughly  intermixed;  from  this  mass  take,  say  50  pounds,  and  grins 
it  to  a  coarse  powder ;  mix  thoroughly,  and  weigh  out  five  pounds,  which  tran- 
mit  for  analysis. 

Accompanying  each  sample  should  be  a  lump  specimen,  (say  ^  fi>.,)  from  centre 
and  sides  of  vein. 

Care  should  be  taken  to  include  an  average  amount  of  pyrites,  or  other  impurity 
occurring  in  the  Coal. 

A  memorandum  should  accompany  coal  intended  for  an  especial  purpole,  and 
the  examination  will  be  directed  to  its  suitability  for  such  purpose. 


Br.  CHAELES  M.  GRESSON, 

417  WAZJUrUT  8TBJEET, 
ewmxnrrjsxLi.   navioa-iton   BXTxraoiz>ro,) 

PHILADELPHIA. 
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PASCAL  IRON  WORKS, 

BstablUlied  in  1931. 

MORRIS,  TASKER  &  CO., 

Wronglit  Iron  Welded  Tubes,  i-inch  to  8  inches  bore,  for  Steam 
Gas,  Water,  &c.,  with  T's,  L's  Stops,  Valves,  &c.,  with  Screw  Joints  to  suit  tuhes. 
Malleable  Iron  and  Brass  Fittings,  Glass  Blower  Tubes,  Blasting  Tubes,  &c. 

OalTanlaEed  Tubes  and  Fittings  for  water. 

I^ap-Welded  Boiler  Fines,  1}  to  10  inches  outside  diameter,  cut  to 
definite  lingths,  22  feet  or  under. 

Artesian  Well  Pipes,  ofwrought  Iron,  screw-coupled;  flush  inside  and 
out.  AIp  y  of  Cast  Iron,  6,  8,  10  and  12  Inches  diameter,  with  wrought  bands ;  flush 
inside  ar.d  out,   and  Pumps  for  same. 

CoUs  of  Tnbe,  for  boiling  and  evaporating  by  steam  or  hot  water. 

Tnyere  Colls,  for  Blast  Furnaces,  and  tube  cut  and  fitted  to  plans  andspeoi* 
flt^tions  sent. 

Oonble  Kettles,  for  steam  boiling  and  evaporating,  and  cooking  bj  steaiL. 

BrylniT  Closets,  heated  by  steam;  Wash  Houes  and  Steam  arrangements 
for  Public  Institutions  and  Private  Dwellings. 

WarmlniT  and  Tentllatln^  Steam  apparatusof  the  most  approved  plans 
for  Factories,  Public  Buildings,  Hotels,  Private  Dwellings,  Green  Houses,  Sb^ 
constructed  and  adapted  to  the  buildings  to  be  warmed. 

Hot  Water  Apparatus;  Tasker's  Patent  Self-Regulaung  Hot  Water 
Apparatus,  for  Private  Dwellings,  School  Houses,  Hospiuls,  Green  Houses,  &c. 

Iron  and  Brass  Castlngrs,  of  every  description. 

Oas  Work  Castings:  Ketorts  and  Bench  Castings  for  Coal  Gas  Works; 
Street  Mains,  Bends,  Branches,  Drips,  Lamp-posts,  Lanterns,  &c, 

Bosln  C^as  Apparatus,  for  Factories,  Public  Buildings,  Hospitals,  and 
Private  Dwellings. 

Oreen  House  Pipes  and  Boilers :  Fire  Doors  and  Frames,  Hot  Water 
Pipes  for  Forcing  Beds,  Pineries,  Garden  Boilers,  Aq, 

Columns,  Conduit  Pipes,  Pavement  Gutters,  Soil  Pipe. 

Hatb  Tubs,  Sinks,  Sewer  Traps,  Soil  Pans  and  Traps,  and  Water  Close! 
arrangements. 

ScreiPrlng   Haclllnes,    Drill  Stocks,  Stocks  and  Dies,  Taps,  Beamer 
Drills,  Pipe  Tongs,  and  a  general  assortment  of  Gas  and  Steam  FittAm'  TaoIs  and 

Materials. 

WORKS,  8.  Flflli,  between  Tasker  and  Blorrls  fits. 

WARlSHOVSi:  k.  OFFICE,  %09  H.  Tblrd  St.,  Pblla. 

STEFHEH  XOBBIS,  EEHE7  G.  KOESB 

THOB.  T.  TA8KEB,  Jr.  F.  M,  TA8KE& 
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HENRT  P.  H.  Bit KINBIKE, 
CIVIL  AND  MECHANICAL  ENGINEER, 

Will  make  EzaminatioDS,  Surreys,  Plans  and  Estimates  for:  or  superinteDd  the 
construction  of  Watee  Works,  Gas  Works,  Water  Powers,  Machinery,  Ac. 

Detailed  Drawing  and  Specifications  prepared  fbr  Reservoirs,  Dams,  Water 
Wheels,  Pumpinfj  Engines,  Gas  Holders,  &o. 

H.  P.  M.  B.  brings  to  his  aid  an  experience  of  over  twenty-five  years,  and  can 
refer  to  many  important  works  constructed  by  him,  or  under  his  direction. 

OFFIOB,  152  Soatb  Fonrtb  BU 
RESIDBNCB,  S5S5  BmrUkg  8trMt, 
PHU^delplii*. 

FOB  ALL 

Laboratory  and  Manufacturing  Purposes. 
Platinum    Scrap  and  Ore  purcliased. 

B.  M.  RA7N0R 

Office,  57  Band  St.,  New  York. 

The  Brooks  Patent  Parfline  Insulator, 

WORKS,  22  South  Twenty-first  Street,  IPhUadelphia. 

All  varieties  of  Insulators  manufactared  at  tbeeo 
Works  are  warranted  to  excel  the  usual  stylos  of  Glass 
and  Bubber  more  than  one  hundred  fold. 

In  view  of  the  error  and  delay  in  transmission,  waste 
and  consumption  of  battery  material — ^the  results  of  de- 
fective insulation — ^its  fragile  nature,  and  expense  of 
renewal,  nothing  is  more  manifest  than  its  economy. 

To  railroad  companies  relying  upon  the  efficiency  of 
their  telegraph  departments,  it  is  of  great  value. 

JOHN   L.   ENOWLTON, 

(Sueoe§s&r  to  J.  W.  ZTSy  A  CO.,) 

Millwriglits  and  Macliiitists, 

REEB  STREET   WHARF,   PHILABELBHIA. 

Manufacturer  of  Steam  Engines  and  Boilers.  Also  all  kindb  of  Saw  Hill,  Plan- 
ing Hill,  and  Flour  Hill  Hachinery.  Sole  Hanufkcturer  of  l\.nowlton'8  Patent 
Bevel  Saw,  for  Sawing  Ship  Timbers  ;  also.  Knowlton's  Circular  Saw,  for  Sawing 
Ship  Plank  to  the  curve  and  Bevel,  and  Knowlton's  Patent  Machine  for  Turning 
and  Grinding  Shot,  Shell,  Valve  Balls,  Ten  Pin  and  Billiard  Balls.  H&nufacturer 
of  T.  H.  Cushing's  Patent  Saw  and  Planing  Machine,  for  Working  Bridge  Arches 
and  Curved  Timbers.    J^'Particular  attention  paid  to  Bepairing* 
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dor.  S.  Front  &  Seed  Sts.,  &  Nos.  614  &  616  Market  Street, 

PHILADELPHIA. 

Manufftoture  Enamelled  Evaporating  Dishes ;  Iron  Mortars,  of  different  styles; 
Tinned,  Tamed^  and  Plain  Enamelled  Cauldrons,  from  12  to  120  gallons,  with 
an  assortment  of  other  articles  suitable  for  Chemists'  use. 


ADOI.PH  OTTy 


iK^rafopi  Ifeirot  t^  TOmm, 


May  be  employed  professionally  as  expert.  Reports  on  mining  land,  and  inves- 
tigations in  subjects  involving  both  mechanical  and  chemical  knowledge,  exami- 
nation of  new  inventions,  etc.    Specialist  for  various  branches  of  Technology,  viz : 

Construction  of  Gas  Generators,  Preservation  of  Wood, 

MANUFACTURE  OF  WHITE  LEAD, 
Desulphurization  of  Ores,  and  Utilization  of  the  Waste  Products  of  Gas  Works. 

Address,  73  EAST  SEVENTH  ST. 

MEW  VORR  GBTY. 

Sibil  Uttgitt^^idng  ^  S|otti$litg 

THE  SPRIVO  SESSION  WILL  BEOIN  APRIL  7th. 


Instruction  will  be  given  in  Civil  Engineering,  Mining,  Metal- 
lurgy, Chemistry,  &c.  The  unrivalled  collections  of  Books,  Instru- 
ments! Models  and  Manuscripts  of  the  late  Prof.  Gillespie,  added  to 
those  of  the  College,  furnish  excellent  facilities  for  instruction  in 
these  departments.     For  circulars,  address 

GEORGE  GILBERT,  Registrar, 

iCUNSCTADT,  H.  T. 
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AMERICAN  AND  EUROPEAN, 


?> 


OF 


NO.  37  JPABKBOW,  ITEW  TOBK. 


For  a  period  of  nearly  twenty-five  years,  Munn  &  Co.  have  oooupied  the  posi- 
tion of  leading  Solicitors  of  American  and  European  Patents,  and,  during  this 
extended  experience  of  nearly  a  quarter  of  a  century,  they  have  examined  not 
less  than  fifty  thousand  alleged  new  inventions,  and  have  prosecuted  upwards  of 
thirty  ^thousand  applications  for  patents ;  and,  in  addition  to  this,  they  have  made 
at  the  Patent  Office  over  twenty  thousand  preliminary  examinations  into  the 
novelty  of  inventions,  with  a  careful  report  on  the  same. 

MiTNK  &  Co.  deem  it  safe  to  say,  that  nearly  one-third  of  the  whole  numher  of 
applications  made  for  patents  during  the  past  fifteen  years  has  passed  through 
their  Agencyi  which  is  assisted  by  a  Branch  Office  at  Washington  which  watches 
and  supervises  all  their  cases  as  they  pass  through  official  examination. 

Inventors  who  desire  to  consult  with  us  are  cordially  invited  to  do  so.  We 
phall  be  happy  to  see  them  in  person  at  our  office,  or  to  advise  them  by  letter. 
In  all  cases,  they  may  expect  from  us  an  honest  opinion*  For  such  consultations^ 
opinion  and  advice,  toe  make  no  charge,  A  pen-and-ink  sketch,  and  a  description 
of  the  invention  should  be  sent. 

Preliminart  Examination  is  made  into  the  novelty  of  an  invention  by  per- 
sonal search  at  the  Patent  Office*  which  embraces  all  patented  inventions.  For 
this  special  search  and  report,  a  fee  of  $5  is  charged.  We  advise  this  special 
search  only  in  very  doubtful  cases. 

To  Applt  for  a  Patent,  a  model  must  be  furnished — not  over  a  foot  in  any 
dimensions.  Send  model  to  Munn  4*  Co,  37  Farh  Eow^  New  York,  by  express, 
charges  paid ;  also,  a  description  of  the  improvement,  and  remit  $16  to  cover  first 
Government  fee,  revenue  and  postage  stamps. 

Caveats  Filed ;  Interferences  Managed ;  Extensions  and  Re-Issues  Obtained ; 
Assignments  Prepared ;  Designs,  Trade- Marks  and  Compositions  Patented. 

Patents  are  obtained  in  all  European  countries. 

For  instructions  concerning  Foreign  Patente,  Re-Issues,  Interferences,  Hints 
on  Selling  Patents,  Rules  and  Proceedings  at  the  Patent  Office,  the  Patent  Laws, 
&c.,  see  our  Instruction  Book.    Sent  free,  by  mail,  on  application. 

Address  all  communications  to 

MUNN  &  CO., 
m>.  37  JParh  Bow,  JSTew  TarJc  City. 

Offloe  in  Washington,  corner  of  F  and  Seventh  Streets. 
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WM.  A.  SWEET  &  CO. 

OF  SYRACUSE,  N.  Y., 

ARE  NOW  PBEPARBD  TO  MANUPAOTUKB  TO  ORDER 

With  Sweet's  Improyed  Balance  Valve  &  Variable  Cut-Off. 


This  Valve  Motion  gires  onr  Hammors  more  range  and  force  for  large-eised 
work,  and  greater  delicacy  and  precision  for  small  work,  combined  with  entire 
economy  in  ase  of  steam  (equal  to  the  Corliss  Engine,)  than  any  other  Hammer 
•ver  offered. 

They  use  steam  in  proportion  to  the  work  done.  The  Valve  Motion  is  very 
simple  and  durable ;  is  made  of  the  best  Korway  Jron,  and  case-hardened,  and  all 
the  work  is  done  in  the  best  style  and  finish. 


Weight  of 

Hammer  in 

lbs. 

Blows  per 
Minute. 

• 

Rise  of 
Hammer. 

Will  Rednoe 
Ingot  from 

ApproximMt^ 

Weight  ol  Whole 

Jnlbe. 

400 

860  to  460 

10  in. 

8}  in.  to  1    in. 

7,000 

600 

260  to  850 

15  in. 

5}  in.  to  1}  in. 

15,000 

1,000 

200  to  800 

20  in. 

7    in.  to  3    in. 

20,000 

1,500 

150  to  260 

80  in. 

10    in.  to  5    in. 

80,000 

2,000 

100  to  160 

40  in. 

14    in.  to  8    in. 

40,000 

foundation  Drawings  will  be  forwarded  in  season  to  get  foundation  ready  for 
the  Hammer,  and  a  competent  workman  will  be  sent  to  set  the  Hammer  and  give 
inatructions  for  working,  at  the  expense  of  the  purchaser.  Price  includes 
"Wrenches,  Foundation  Bolts,  Bed-Plate  and  Anvil  Blocks,  delivered  on  board 
the  cars,  boxed  and  packed,  in  good  order. 

Terms,  Cash. 

Dies  and  Die  Chills  extra,  at  10  cts.  per  pound. 

WM.  A.  SWEET  &  CO., 

SYRACUSE^  N.  T. 
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WILLIAM  SELLERS.  JOHN  SELLERS,  J*. 


WM.  SELLERS  &  CO., 

MAcnmsTS',  founders;  smiths' 


▲XD 


With  Ball   and   Socket-bearings   and  Double   Gone  Vise-couplings, 
admitting  of  the  easiest  possible  adjustment. 

PULLEY  AND  WHEEL  PATTERNS, 

From  which  Castings  or  Finished  Work  will  be  furnished. 

RAILWAY    EQUIPMENTS, 


SOLE  MANUFACTUBEBS  AND  LICENSEES  OF 
For  Feeding  Boilers. 
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DRAWING. 


fTlHE  subscriber  would  respectfully  inform  his  friends  and  the  public,  that  hecon- 
I  tinu&  to  give  instruction  in  MACHINE,  ARCHITKCTURAL,  TOPOGRA- 
raiCAL,  and  LANDSCAPE  DRAWING,  and  PAINTING  in  OIL  and  WA- 
TER  COLORS.  Day  and  Evening  Classes  at  the  office,  and  instructions  given  hi 
Schools  and  Families.   Drawings  for  Patents  correctly  made,  and  Designs  furnished. 

WM.  B.  KERN, 

No.  229  North  Tenth  Street 


Experience  as  Constructing  or  Consulting  Engineer  on  three  Steam  and  five 
Horse  Railways,  seven  Water  Works,  six  River,  Harbor  and  Canal  Improvements, 
Pumping  and  Marine  Engines,  XT.  S.  Dry  Dock,  &c.,  &o. 

Office,  No.  48  Pine  Street,  Boom  27,  New  Tork. 
Besidence,  No.  42  Johnson  Street,  Brooklyn. 

M'COLLIN  &  RHOADS, 

f  lumbers,  ^itm  anb  §a$  Jfitters, 

1221  Market  Street,  Philadelphia. 


PHILADELPHIA  AGENTS  FOR  THE  SALE  OP 

A.  S.  CAMERON  &  CO.  CELEBRATED  STEAM  PUMPS 

FOR  BOXER  FEED,  F|RK  PURPOSES    MINING^  ETC. 


Up.  12m, 
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m-A.chi:n"ists'  tools. 


INDUSTRIAL  WORKS, 

PHILADELPHIA. 


Lath^Sy  Planing,  Shaping,  Slotting,  Boring  and  Turning,  and 
Wheel-cutting  Machines.     Vertical,  Radical,  Horizontal 
and   Suspended   Drills.       Cotter-hole   and   Key- 
seat  Cutting  Machines.     Milling,  Edging, 
Drilling  and  other  Gun  Machinery. 

BOLT  AND  NUT  THREADING  MACHINES. 

DRITING-WHEEL  LATHES,  (tUlBTEBINfi  lidlHES,  WHEEL  PRESSES 

STEAM  HAMIOZSRS, 

Cupolas,  Cranes,  Ladles,  Forges,  Blowers,  Piping,  etc.     Punching 
and    Shearing   Machines.      Bending   Bolls,    Plate- 
planing,  Angle-iron  Cutting  and  other 

SHA-FTINGh, 

With  improted  hangers  and  pillow-blocks,  having  both  vertical  and 
horizontal  adjustment  and  self-adjustment  ball-bearings. 

PULLEY  AND  GEARING  PATTERNS, 
From  which  Castings  or  Finished  work  will  be  furnished. 

BEMENT  &  DOUGHERTY. 
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VALUABLE      TEXT-BOOKS 

PUBL.ISHKD   BY 

jOHi<r  WILEY  &  soisr, 

2  CLINTON  HALL,  ASTOR  PLACE,  NEW  YORK. 


WORKS  OF  S.  EDWAED  WAEEEN  O.  E. 

PBOFSSSOR  OP  DESOBXPTIYB  aSOSfBXBBY,   XTO,   IN   THB  BBNSSELAXK   POLTTBCaXIO 

INSTITUTB,  TROY,  N.  T. 

CONSTRUCTIVE  GEOMETRY  AND  INDUSTRIAL  DRAWING. 

The  ibllowlng  works,  pablidied  raoaeattyely  Blnoe  1860,  have  been  well  reoelTed  by  all  the  •deotlflc  and 
literary  periodicals,  and  are  in  use  in  most  of  the  JSnglneering  and  *'  Soientiflo  Schools  "  of  the  country ;  and 
the  elementary  ones  In  many  of  the  higher  preparatory  schools. 

The  Aathor,  by  hfs  long  unbroken  connection  with  the  Institnte  at  Troy,  has  enjoyed  ftdllties  for  the 
preparation  of  Us  works  which  entitle  them  to  a  fiivorable  consideration. 

I^BLKMBNTART  IVORKS. 

These  are  designed  and  composed  with  great  care;  primarily  Ibr  the  use  of  aU  higher  public  and  private 
schools,  in  training  students  for  subsequent  professional  study  in  the  Engineering  and  Scientiflo  Schoolt; 
then,  provisionally,  for  the  use  of  the  latter  institutiAis,  until  preparatory  training  shall, as  is  very  desir- 
able, more  generally  inolude  their  use;  and,  Anally,  for  the  self4nstruotiou  of  Teachers,  Artisans,  Build- 
ers, etc 

1.— BI.KMSHTART  PliAHB 
PAOBJUBIMS  •  On  the  Point,  dtraigbt  Line 
and  CIrele.  Division  I.— Preliminary  or  In- 
strumental Problems.  Divisionll.— Gfeometri- 

cal  Problem*  12mo,  cloth $1  25 

2.— DRAFTINQ  INSTRUMENTS 
AND  OPKRATIONS.  Division  I.~ 
Instruments  and  Materials.  Division  It.— 
Use  of  Drafting  Instruments,  and  Reprssentv 
tion  of  Stone,  Wood,  Iron,  etc.  Division  III. 
— ^Praotical  Exercises  on  Objects  of  Two  Di- 
mensions (Pavements,  Masonry,  Fronts,  etc.) 
Division  IV.^Elementary  iBstbetica  of  Qeo- 
metrical  DrawinR.    One  Vol.  12mo.  cloth 125 

3.-BIiBMBNT4RY  PROJEC- 
TION DRAWING.  Third  e<lition, 
revised  and  enlarged.  In  five  divisions.  I. 
— Prqjections  of  Solids  and  interBectious.  II. 
— Wood,  Stone,  and  Metal  dt^tiils  ITT.— 
Elementary  Shadows  and  Sbadinp;.  lY.^ 
Isoimetrical  and  Cabinet  Projections  (Mechan- 


ical Perspective).  Y.—EIementary  Stnio- 
turss.  This  and  the  last  volume  are  especially 
valuable  to  all  Mecbanioal  Artisans,  and 
are  particularly  recommended  for  the  use  of 
all  higher  publio  and  private  schools.    12mok 

cloth $1  6iOr 

4.— KI<EMENTARY  lilNEAR 
PERSPECTIVE  OF  FORBiS 
AN1>  SHADOIVS.  With  many  Practi- 
cal examples.  This  volume  is  complete  initseli; 
and  differs  from  most,  if  not  all  other,  elemen- 
tary works  in  clearly  demonstrating  the  prin- 
ciples on  which  the  practical  rules  of  per- 
speotive  are  based,  without  inoluding  such 
complex  problems  as  are  usually  found  in 
higher  works  on  perspective.  It  is  desipnaed 
especially  Ibr  Young  Ladies'  Seminaries. 
Artists,  and  Schools  of  Design,  as  well  as 
fur  the  institutions  above  mentioned.  One 
vol.  12mo,  cloth 1  00 


II.— HIGHER  DirORBLS. 


These  are  designed  principally  Ibr  schools  of 
ally  of  those  professions. 

1.— OBNBRAI.  PROBIiEMCS  OF 
ORTHOGRAPHIC  PROJHffiC- 
TIONS*  Being  a  quite  extended  collection 
of  elementary  and  higher  problems  of  Descrip* 
tive  Geometry.  1  voL  8vo^  full  cloth,  numer- 
ous large  plates...... 

49*  A  thoroughly  remodelled  edition  of  this 
work  is  in  preparation 

II.~GENERAIi  PROBI.EM8  OF 
SHADES  AND  SHADOWS.  In- 
cluding a  wide  range  of  problems,  and  a 
thorough  discuffllon  of  the  principles  of  shad- 
ing. 1  voL  Svo.  With  numerous  plates, 
cloth 

III.~HIGHER  I«INEAR  PER- 
SPSCTIVE.  Containing  a  eoucise 
•nmmary  of  various  methods  of  perspective 
eoDstmction;  a  fhU  set  of  standard  problems; 
and  a  careful  discussion  of  special  higher  ones. 
With  nnmeroas  lacge  plates,  8vo^  cloth 


Engineering  and  Architecture,  and  for  the  membeni  gener- 


IV*— {In  preparation.!  EliBMENTS 
OF  MACHINE  CONSTRUCTION 
AND  DRAWING.  On  a  new  plan, 
and  enriched  by  many  standard  and  novel 
examples  of  present  practice  from  the  best 
sources 

NOTES  ON  POIiTTECHNIC  OR 
SCIENTIFIC  SCHOOI.S  in  the 
United  States;  their  nature,  position  Aims, 
and  wants.    8vo,  paper |0  H^ 

Under  this  title  is  presented  a  t»l%kr  view 
of  the  existing  soientiflo  schools  ol  the  United 
States,  together  with  many  observations  on 
the  organ  ixation,  courses  of  study,  and  ad- 
ministration of  such  schools;  besides  their 
relations  to  other,  and  especially,  preparatory 
education ;  the  whole  being  of  interest  to  the 
many  educate v  who  would  modify  existing 
preparatozy  schools  to  meet  the  wants  of  the 
Engineering  and  other  Scientlflo  SchodA 
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TESTIMONIALS. 


SUMMERLKE  IrOK  WoRKB. 

Alexander  Morton,  Esq.,  Coatbridox,  lith  July^  1869. 

87  West  Nile  Street,  Glasgow. 

Sir, — We  have  bad  your  "  Ejector  Condenser^'  in  operation  for  nearly 
three  months,  and  are  satuifled  with  its  working. 

Having  tested  theconsumpt  of  fuel,  both  before  and  after  it  was  applied,  we  find 
the  saving  to  be jW/y  tvf^nty-aeven  per  cent,  I  am,  Sir,  Yours  truly, 

(Signed)  JOHN  NBILSOX. 

Glikoarkogk  Works, 
Alexander  Morton,  Esq.,  Dalbt,  Atrshirk,  28<A  September,  1869. 

87  West  Nile  Street,  Glasgow; 

DiAR  Sir, — ^Tour  "  Ejector  Condenser  *'  has  been  working  at  Byesholm 
Pumping  Pit  since  9th  May  last ;  it  g^ryos  twelve  pounds  vacuum,  and'aavee  above 
twenty- eevtnper  cent  of  fuel,  and  has  never  been  the  least  out  of  ordif  during 
that  time.    We  are  highly  satisfied  with  its  working.        Tours  truly,     H' 

(Signed)  AECHD.  GEAY. 

ff  LuoAR  Irov  Works, 

CuMKOCK,  Atrsbirx,  Ut  October,  1869., 
The  first  of  Morton's  **  Ejector  Condensers"  was  fitted  upon  Craigston  Pumping 
Engine,  Lugar,  and  has  now  been  in  constant  use  for  twenty  months,  during  which 
period  we  have  not  required  to  expend  one  penny  in  up-keeping  or  repairs. 

The  Condenser  and  Throat  are  at  this  date  as  free  from  deposit  or  sediment,  and 
as  in  good  condition  as  when  first  fitted  up. 

We  are  unable  to  state  definitely  the  saving  in  fuel  effected,  as  two  other  engines, 
performing  varying  amounts  of  work,  are  connected  with  the  Pumping  Engine  to 
the  same  range  of  boilers. 

We  are  now  so  well  satisfied  (after  such  a  lengthened  trial)  with  the  resist*,, 
that  we  have  ordered  additional  *'  Ejector  Condensers ''  from  Mr.  Morton. 

Fur  EGLINTON  IKON  CO., 

(Signed)        R.  AKors,  JUimcy^K'' 

COATBANE  ExrOIKX  WoRKS, 

Alexander  Morton,  Esq.,  Coatbridox,  4th  October ,  1869. 

87  West  Nile  Street,  Glasgow. 

Dear  Sir,— iWe  have  applied  one  of  your  "  Ejector  Condensers"  to  an 
old  high-pressure  engine  which  was  too  light  for  its  work,  and  also  short  of  boiler 
power.  The  Condenser  has  now  been  working  for  the  last  three  months,  and  gives 
no  trouble  to  the  attendant  (a  common  laborer) ;  lifts  the  water  11  feet,  giving  an 
average  vacuum  of  28  inches.  The  saving  in  /tut  ia  <ibout  twenty-five  per  cent, 
the  ennne  and  boiler  being  now  equal  to  their  work.         Yours  truly, 

(Signed)         ,  STKATHERN,  MURRAY  A  PATERSON. 


l*-  POKTWICAL  MaRINX, 

Alexander  Morton,  Esq.,  '  Civita  Vkcchia,  March,  1869. 

87  West  Nile  Street,  Glasgow.^  *• 

This  is  to  certify  that  Morton's  Patent  Condenser  was  applied  to  the 
twin  screw  steamer  *<Plora.''  built  by  Messrs.  Seath  &  Co.,  ship-buildors,  Clyde, 
and  the  appliance  of  the  same  was  a  eomplete  success.  Having  been  present  at 
the  trial,  1  had  the  gratification  of  w\tne8sing  the  working  of  the  same,  and  have 
no  hesitation  In  saTing  that  as  a  Condenser  it  stands  unrivalled. 

(Signed)      '  X3tE0.  TBOS.  INQthK,  Chief  En^neer. 

Alexai^er  Morton,  Esq.,  Glasgow,  26M  March,  1869. 

87  WeiJt  Nile  Street,  Glasgow. 

1)rar  Sir, — We  have  great  pleasure  in  testifying  to  the  satisfactory 
trial  of  your  patent  Condenser  on  board  of  the  twin  screw  steamer  **  Plora,''  altboash 
this  being  the  first  fitted  on  board  of  a  steam  vessel.  Wa  consider  the  trial- highly 
satisfactory  in  every  refpect,  and  shall  ndt  fail  to  recommend  it  in  all  cases  cotting 
under  our  notice.     We  are.  Dear  Sir, 

(Signed)       T.  B.  SEATH  *  GO. 
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THE  EJECTOR  CONDENSER. 

MORTON'S  PATENT. 

rig.i.  , 

g-s  .  li 


:3 


I 

O 

Fig.  1  ia  for  Bngiiies  with  one  Cylinder.  Fig.  2  is  for  Engines  with  two  Cylinders. 

This  Ejector  Condenser  is  applicable  to  all  steam  engines  and  to  the  vacuum 
pans  of  sugar  refiners,  when  sufficient  water  for  condensation  can  be  obtained. 
It  dispenses  with  the  air-pump,  saves  all  the  power  required  for  working  that 
pump,  occupies  much  less  space  than  the  ordinary  jet  condenser  and  air-pump,  and 
has  no  parts  constantly  in  motion,  thus  obviating  the  necessity  of  skilled  atten- 
tion and  frequent  repairs:  it  can  be  placed  on  any  part  of  the  exhaust  steam  pipe. 

It  can  bo  applied  to  many  of  the  existing  non-condensing  steamboat  engines ;  it 
will,  with  their  present  consumption  of  fuel,  give  about  a  tenth  more  speed,  or,  at 
tho  game  rate  of  speed,  it  will  save  from  20  to,  30  por  cent  of  their  fuel  with  consid- 
erably less  boiler  pressure. 

J'or  a  description  of  the  apparatus,  with  reports  on  its  efficiency  and  theory  of 
its  action,  see  the  Journal  of  the  Franklin  InstUuUj  of  Philadelphia,  for  Novem- 
ber and  December,  1869. 

Beference  is  also  requested  to  the  accompanying  testimonials,  as  to  the  merits  of 
the  apparatus. 

The  Patentees  have  placed  the  sale  of  the  American  patent  in  the  hands  of  the 
undersigned,  to  whom  application  is  to  be  made. 

DENNISTOON  &  CO., 
No.  22  Exchange  Place,  New  Yorh\  , 
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